Evaluating a cost effective carbon abatement strategy for higher education in Wales by Manley, Paul




^^ I Init 1 T.ahalfa VA/nllnhnnt Fyrekinr
BOOKBINDING 
& PRINTING
U it 3 G b lf  Wolkshops Exc lsior Ind. Est. Cardiff CF14 3AY 
Tel: (029) 2062 3290 Fax: (029) 2062 5420 
Email: info@abbe/bookbinding.co.uk 
Web: wwwabbeybookbinding.co.uk
EVALUATING A COST EFFECTIVE CARBON ABATEMENT 
STRATEGY FOR HIGHER EDUCATION IN WALES
PAUL JOHN MANLEY
A submission presented in partial fulfilment of the requirements of the University 




Certificate of Research v
Acknowledgements vi
Abstract vii
List of Tables viii
List of Figures xii
Glossary xiv
1. Introduction 1
2. Aim of the Study 3
3. The Plan of Study 4
n





5. Literature Review 11
5.1. Targets
5.2. CO2 Emission Categories
5.3. Sectoral Data Sources




5.8. Best Practice Case Studies
5.9. Cost Effectiveness of Interventions 
5.10. Funding Improvements
6. Sector Analysis 51
6.1. Targets and Baselines
6.2. Trend Analysis
6.3. Benchmarking
6.4. Identifying a Single Case Study
6.5. Evaluating the Cost Effectiveness of Interventions
6.6. Estimation of Required Investment
7. Case Study 80
7.1. Evaluation of Interventions
7.2. Lights and Electric Appliances
7.3. Behaviour Change and New Ways of Working
7.4. Building Energy and Space Management
7.5. Summary of Case Study Results
iii
8. Results and Discussion 93
8.1. Targets and Baseline Emissions
8.2. Benchmarking
8.3. Evaluation of Abatement Potential
8.4. Assessment of Costs
8.5. A Cost Effective Abatement Strategy




Appendix A Summary of Data from Estates Management 
Statistics.
Appendix B Energy Consumption Data from Cardiff University.
Appendix C Estimation of energy consumption data for Glyndwr 
University.
Appendix D Carbon Trust (2011) Degree Day Data.
Appendix E Copy of Original HEEPI, Energy - best practice, web 
page [no longer available online].
Appendix F Copy of Display Energy Certificate Technical Tables 
for Cardiff Metropolitan University, Colchester 
Avenue campus and Ogmore building.
Appendix G CO2 Emissions for Welsh HEIs.
IV
Certificate of Research
This is to certify that, except where specific reference is made, the work 
described in this thesis is the result of the investigation undertaken by the 
candidate. Neither this thesis, nor any part of it has been presented or is currently 
submitted for any other degree other than the degree of Master of Philosophy at 




Mr. Steve Thomas (Director of Studies)
Date:
Acknowledgements
I would like to express my gratitude to my supervision team Professor Andrew 
Geens, Dr. Steve Lloyd and Mr. Steve Thomas for their professional guidance 
and personal encouragement throughout the course of the project and for each 
of them taking on the role of Director of Studies as the need arose.
I would especially like to thank Prof. Geens and Dr. Lloyd for also giving up their 
own personal time to continue with this support after moving on from the 
University.
I would like to acknowledge my employer Cardiff Metropolitan University for their 
sponsorship and for the flexibility afforded me during my studies.
VI
Abstract
The environmental and financial drivers for reducing energy consumption and 
associated CO2emissions are well established and widely accepted. The UK and 
Welsh Governments have demonstrated their commitment by setting CO2 
reduction targets across the public sector including Higher Education.
The literature shows that detailed research has been carried out by SOW 
Consulting on behalf of the Higher Education Funding Council for England to 
inform strategic planning but that no such body of under-pinning knowledge is 
available for the Welsh HE sector. The aim of this study is to identify a cost- 
effective carbon abatement strategy for the HE sector in Wales with the intention 
of informing future strategic planning.
Using sector specific datasets individual and collective emissions baselines are 
established for Higher Education Institutions and the Welsh HE Sector 
respectively. These results are used to benchmark the relative energy efficiency 
of the Welsh HE Estate, identify good practice and to define a single case study. 
Cardiff Metropolitan University is highlighted and further noted for their acclaimed 
use of automatic monitoring and targeting as a means of achieving sustainable 
behaviour change.
In this thesis HEFCE's assessment of the cost effectiveness of abatement 
measures and abatement potential is validated from the critical evaluation of the 
case study.This shows that whilst applying their predictions on a pro-rata basis to 
the HE sector in Wales was a justifiable approach to identify the individual 
measures within a cost-effective carbon abatement strategy, the cost of 
delivering sustainable behaviour change is understated.
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1.0 Introduction
International concerns over the threat of climate change to sustainable 
development lead to the United Nations Framework Convention on Climate 
Change (UNFCCC) in 1992. The United Nations (1992) sets out a framework for 
action to minimise emissions of gases including carbon dioxide, methane and 
nitrous oxide believed to be a major contributor to climate change.
In 1997, The Kyoto Protocol described by the United Nations (no date a) as "an 
international agreement linked to the United Nations Framework Convention on 
Climate Change" commited developed countries and countries with economies in 
transition to achieve quantified emissions reduction targets. This agreement was 
subsequently translated into UK statute in the form of the (Great Britain. Climate 
Change Act 2008).
In response to this and the UK Government's commitment to the Kyoto Protocol, 
the Welsh Assembly Government (2010, p.34) set targets for the public sector in 
Wales to reduce greenhouse gas emissions including COa by 3% per annum 
from 2011 against a baseline averaged between 2005-10.
Similarly in England, targets were set by the Higher Education Funding Council 
for England (201 Oa, p. 12) who proposed that the sector "commit to meet the 
government targets for carbon emission reductions in scopes 1 and 2 of 34 per 
cent by 2020 and 80 per cent by 2050 against a 1990 baseline".
Despite differences in individual targets and baselines, both countries are 
similarly ambitious. However, if targets are to be met, it is imperative that they are 
taken seriously by the sector, as achieving meaningful reductions in CO2 
emissions is a long term process that requires strategic planning and significant 
investment. The need for acceptance was reinforced when Adam (2008) reported 
that David King, former chief scientific adviser to the government believed that it 
is critical that official targets are "seen to be achievable". Furthermore, targets are 
likely to be met only if the appropriate level of activity is quantified and the
availability of resources are fully considered. Sir Alan Langlands, Chief Executive 
of the Higher Education Funding Council for England (2010b, p.1), when referring 
to "the commitment of the sector to reducing its carbon emissions..." warned that 
"We should not underestimate the size of the challenge, nor its cost."
Reinforcing the need for strategic planning and to prepare for significant 
investment, the Higher Education Funding Council for England (HEFCE) 
commissioned various research initiatives to inform carbon reduction strategies 
for higher education in England. Understandably, HEFCE's research was 
restricted to Higher Education Institutions (HEIs) in England and to date, there 
has been an absence of similar work in relation to the Higher Education (HE) 
sector in Wales.
Therefore this study is intended to similarly provide a body of knowledge to 
support future strategic planning for the HE sector in Wales. It also seeks to 
determine whether targets are achievable for the period to 2020, as this is the 
timescale noted by the Higher Education Funding Council for England (201 Oc, p. 
4) as applicable to interim government targets.
2.0 Aim of the Study
The aim of the study is to examine carbon management strategies and 
investigate the opportunities that exist for reducing CO2 emissions within the HE 
sector in Wales, defined as the higher education instituitions (HEIs) receiving 
funding from the Higher Education Funding Council for Wales (HEFCW).
In particular, the study will encompass scope 1 emissions (direct emissions from 
sources owned or controlled by the organisation) and scope 2 emissions 
(emissions from the generation of purchased electricity consumed by the 
organisation).
A research methodology will be developed to critically evaluate the level of 
investment required to cost-effectively comply with long term CO2 emission 
reduction targets with the intention of informing future strategic planning for the 
HE sector in Wales for the period to 2020.
Specifically the research will:
  Investigate recent work carried out on behalf of the Higher Education 
Funding Council for England by SOW Consulting.
  Establish scope 1 and scope 2 CO2 emissions baselines for individual 
HEIs and hence the HE sector within Wales.
  Evaluate existing emissions growth trends against published targets to 
quantify required emissions reductions.
  Benchmark the existing Welsh HE estate as the basis for quantifying 
potential improvement and to Identify an exceptional case study.
  Use a case study approach to validate research outcomes.
  Determine the most appropriate abatement strategies to achieve the 
required level of CO2 emission reductions and whether CO2 emission 
reduction targets are economically achievable in the Welsh HE sector.
3.0 The Plan of Study
The plan of study provides an overview of this thesis and a brief description of 
the content of individual chapters.
Chapter 1 Introduction
The introduction stresses the importance of CO2 emissions reduction targets 
within the national and international context and the need for strategic planning 
and significant investment if the HE sector is to meet this challenge. Research 
conducted by HEFCE to inform strategic planning in the English HE sector is 
acknowledged and the need for similar sector specific knowledge in Wales 
identified.
Chapter 2 Aim of the Study
The aim of the study is to examine carbon management strategies and 
investigate the opportunities that exist for reducing CO2 emissions within the 
Welsh HE sector. This chapter further defines the more specific aims of the 
project in support of informing future strategic planning for the HE sector in 
Wales.
Chapter 3 The Plan of Study
This chapter provides a brief overview of the content of this thesis.
Chapter 4 Research Methods
The methods designed to investigate the research question are detailed within 
this chapter. They include a literature review, quantitative analysis of sector wide 
data and an action-research project used as a single case study.
Chapter 5 Literature Review
The literature review was conducted to provide the context in which the study is 
set including recent sectoral, political and legislative developments and to inform 
the quantitative analysis by selecting appropriate data sources and analysis 
techniques.
Chapter 6 Sector Analysis
The Higher Education Statistics Agency database was used as the primary 
source of sector specific data for analysis. This chapter details the analysis of 
growth trends, calculation of baseline emissions, benchmarking of the Welsh HE 
Estate and the determination of absolute CO2 reductions to 2020.
Chapter 7 Case Study
The sector analysis detailed within chapter six was also used to identify Cardiff 
Metropolitan University as a single exceptional case study based primarily on 
achieving the greatest reductions in CO2 emissions. This Institution was further 
distinguished when measured against peers and national benchmarks. This 
chapter considers their approach as the basis for critically evaluating the 
research findings of HEFCE and to directly inform the research aims of this 
study.
Chapter 8 Results and Discussion
Within this chapter the research outcomes are discussed. The differences in 
baseline emissions, targets and hence absolute CO2 reductions using HEFCW's 
methodology are compared with the methodologies applicable to English HEIs. 
The cost and effectiveness of individual abatement measures identified by 
HEFCE's research are critically evaluated against the findings of the case study 
and the results used to calculate the cost of achieving sector emissions reduction 
targets in Wales.
Chapter 9 Conclusion and Recommendations
The conclusion summarises the research outcomes of this study and details 
seven key recommendations including areas for further research.
4.0 Research Methods
4.1 Introduction
This study focusses on carbon management within the higher education sector in 
Wales. This specific area of the public sector has been selected to facilitate a 
detailed study and has been further defined to differentiate between the 
regulatory regimes in England and Wales.
It was acknowleded that whilst research has been conducted in this area on 
behalf of HEFCE, this had been restricted to the HEIs in England and it was 
evident that to date, no such detailed analysis had been completed in relation to 
the Welsh HEIs. The differing CO2 emissions reduction targets set by the 
respective funding bodies further distinguishes Wales from England. Therefore 
this study makes an original and independent contribution to the body of 
knowledge existent in this field.
Whilst this applied research has been directed at a specific area of the public 
sector within Wales, the author believes the approach and much of the 
knowledge to be transferable to other areas of the public sector across the UK.
It was therefore necessary to develop research methods to critically evaluate the 
level of investment in the sector to effectively meet long-term scope 1 and 2 CO2 
emissions reduction targets through cost effective abatement measures. The 
research method formulated includes a literature review, quantitative analysis of 
sector specific data and the evaluation of a single case study.
4.2 Literature Review
A literature review was conducted to provide the context in which the study is set 
including recent sectoral, political and legislative developments and to inform the 
research methodology. The review was also developed to inform the quantitative 
analysis by selecting appropriate data sources and analysis techniques.
It was first necessary to establish the scope and magnitude of CC>2 emission 
reduction targets that apply to HE in Wales in the period to 2020, to identify 
relevant baselines against which performance was to be measured and 
contextualise this against long-term UK targets.
A particular focus for the review has been the recent research conducted by 
SOW Consulting on behalf of HEFCE which was used as a source of knowledge 
for differentiating between the HE sectors in England and Wales and the 
approach by their respective funding bodies.
The literature review was also used to identify the availability and suitability of 
datasets to facilitate detailed quantatitive analysis. Consideration was also given 
as to how CO2 emissions should be measured and reported with particular 
reference to evaluating normalised performance indicators.
Prior to evaluating the required level of investment and in order to assess 
whether targets are realistic, it was necessary to appraise the energy efficiency of 
the HE Estate in Wales. To complete this analysis it was first necessary to 
identify appropriate benchmarking techniques for use to differentiate between the 
current position and the 2020 requirements.
4.3 Quantitative Analysis
The literature review identified the data held within the Higher Education 
Statistics Agency database as the most complete dataset available and this has 
been used as the primary source of sector specific data for analysis.
Energy consumption data has been used as the basis for establishing a baseline 
of CO2 emissions for individual Institutions and the HE sector in Wales to identify 
trends over a 5-year period (2005-2006 to 2009-2010). As CO2 emissions data is 
commonly derived from energy consumption data by the application of 
conversion factors, inconsistencies can arise from using factors which vary over 
time therefore the manner in which the data is processed has also been 
considered to provide uniformity.
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A comparison of identified energy consumption (and CO2 emissions) trends 
against sector targets has been used as the basis for quantifying the magnitude 
of absolute CO2 reductions that will be necessary in future.
However, as the literature review identified significant growth in the sector over 
recent years, in terms of both income and student numbers and to assist in 
gaining a more accurate assessment of energy efficiency, emissions data has 
also been normalised for growth against a variety of factors including total 
income, gross internal area of the estate and combined staff and student 
numbers. The results have been examined to both quantify the performance of 
individual Institutions and as the basis for discussion on the suitability of 
individual metrics as performance indicators. The validity of normalising 
performance against weather data has also been considered.
Energy consumption data for individual Institutions has also been used to 
benchmark within the peer group and against UK wide industry standard 
benchmarks eg. CIBSE TM46:2008 which are also used as the basis of the 
calculation of Display Energy Certificates. As highlighted in the literature review 
the relevance of these benchmarks has recently been reviewed on behalf of 
CIBSE by Bruhns, Jones and Cohen (2011, p. 9) who confirmed that in general 
they remained valid but noted "a marked trend across many sectors..." (including 
University Campus) "for higher electricity consumption and lower heating 
consumption..." but noting "some category medians end up close to the CO2 
benchmark".
This benchmarking exercise has been used both to establish the relative energy 
intensity of the Welsh HE estate and to assist in quantifying the potential for 
improvement. It has also been useful in identifying potential examples of best 
practice.
Having determined whether targets were achievable based on absolute CO 2 
emissions reductions from a given baseline to 2020, it was then necessary to
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consider and apply known methods of assessing the cost-effectiveness of 
abatement measures.
The absolute reductions in scope 1 and scope 2 emissions that are required from 
the Welsh HE Estate have been quantified as previously discussed by 
comparison with existing trends. The required investment to achieve this level of 
reduction has been estimated using established methods such as marginal 
abatement cost curves and has been underpinned where possible by the use of 
field data from a live case study.
It is intended that the results of the quantitative analyis will assist the HE sector in 
Wales to identify the likely expenditure necessary to meet ongoing COa reduction 
targets and to highlight the most cost effective abatement measures.
4.4 Case Study
A single case study approach was adopted based on an information orientated 
selection made to identify a suitable subject. However, the author was mindful 
that as Ousey (2007) summarises "critics of the case study method believe that 
the study of a small number of cases can offer no grounds for establishing 
reliability or generalisability of findings. Others feel that the intense exposure to 
study of the case biases the findings. Some dismiss case study research as 
useful only as an exploratory tool".
However, Flyvbjerg (2011, p. 302) observed that whilst "At the same time that 
case studies are widely used and have produced canonical texts, it may be 
observed that the case study as a methodology is generally held in low 
regard...". Flyvberg (2006, p. 220) also stated that whereas "it is correct that the 
case study is a detailed examination of a single example," ... "it is not true that a 
case study cannot provide reliable information about the broader class."
The literature review and subsequent quantitative analysis was used to highlight 
a single exceptional case study subject from within the Welsh HE sector. In 
particular, Cardiff Metropolitan University (formerly the University of Wales
Institute Cardiff) where a 12% reduction in CC>2 emissions was found to be the 
highest recorded within the HE sector in Wales during the period covered by this 
study. As the subject of a (Carbon Trust, 2011) case study, their strategies had 
been well documented and were backed up with good historical energy 
consumption data. Of particular interest was their approach and the 
differentiation that could been made between the cost effectiveness of 
interventions.
As the author is also the Energy Manager at Cardiff Metropolitan University, the 
case study became an action-research project and whilst this is beneficial in 
providing depth and detailed local knowledge, this also required self vigilance to 
maintain objectivity. However, the Higher Education Funding Council for England 
(201 Oa, p. 21) have recognised the value of such an approach in their Carbon 
reduction target and strategy for higher education in England by stating that "One 
option we are considering is providing small levels of funding for a number of 




The literature review provides the context in which this study is set including 
recent political and legislative developments affecting the HE sector in Wales.
To aid further analysis, the literature review also sought to identify appropriate:
  Data sources
  Methods of measurement
  Means of establishing baselines
  Normalising factors
  Benchmarking tools
  Cost-effective interventions
5.1 Targets
The United Nations (no date a) through the Kyoto Protocol 1997 set binding 
targets on developed countries to limit or reduce emissions of greenhouse gases 
including carbon dioxide (CO2 ). The United Nations (no date b) further note that 
the then 15 member states of the European Union were issued a collective target 
which was later re-distributed amongst themselves.
This agreement was subsequently translated into UK statute (Great Britain: 
Climate Change Act 2008).The requirements of this legislation were summarised 
by the Department for Energy and Climate Change (2012) as placing "a legally 
binding target of at least an 80% cut in greenhouse gas emissions by 2050, to be 
achieved through action in the UK and abroad and a reduction in emissions of at 
least 34% by 2020. Both targets are set against a 1990 baseline."
The Wales Assembly Government (2009, p. 33) noted that: "The Climate Change 
Act places the UK target to reduce greenhouse gases by at least 80% by 2050 
into statute. It also establishes a system of 5 year carbon budgets for the UK."
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and announced that "We will reduce our greenhouse gas emissions by 3% a year 
by 2011 in those areas where we have devolved competence."
The Wales Assembly Government (2010) set out further details of their targets 
for the public sector in Wales including Higher Education Institutions (HEI's). The 
expectation is for the sector to reduce CC>2 emissions by 3% p.a. from 2011 
(financial year 2011-2012) which equates to a 27% reduction by 2019-2020. 
These reductions are to be measured against a baseline of the average 
emissions during the years 2005-2010.
In England, the Higher Education Funding Council for England (2009, p.3) in a 
joint HEFCE, Universities UK and Guild HE consultation document 
acknowledged that:
The Climate Change Act 2008 aims to improve carbon management and 
help the transition towards a low-carbon economy in the UK. It sets the 
world's first legally binding reduction targets for greenhouse gas emissions 
of at least 80 per cent by 2050 and at least 34 per cent by 2020, against a 
1990 baseline.
In response the Higher Education Funding Council for England (2009, p.10) 
proposed that the sector:
Commits to achieving a reduction in scope 1 and 2 emissions of 80 per 
cent by 2050 and at least 34 per cent by 2020, against a 1990 baseline.
In a September 2010 amendment to their "Carbon reduction target and strategy 
for higher education in England", the Higher Education Funding Council for 
England (201 Oa, p.2) reported that:
Against a 2005 baseline, this is equivalent to a reduction of 43 per cent by 
2020 and 83 per cent by 2050;originally these figures were 48 per cent 
and 84 per cent respectively.
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However, in their earlier consultation document the Education Funding Council 
for England (2009, p. 10) had originally suggested that the sector:
Aspires to achieve a carbon reduction target from scope 1 and 2 
emissions of 50 per cent by 2020 and 100 per cent by 2050, against 1990 
levels.
All targets are intended to be absolute as defined by the Higher Education 
Funding Council fo England (201 Oa, p. 12) "...as actual carbon emission 
reductions against the levels in a fixed past year." They explain the reason for 
absolute targets is because "The UK national targets under different policies and 
legislation are absolute and set against a 1990 baseline year. The rationale for 
this approach is based on the fact that the capacity of the Earth to manage 
carbon emissions is itself finite.
The Higher Education Funding Council for England (2010a, p.4) strategy 
includes for "a sector-level target for carbon reductions that is in line with UK 
targets" and "a requirement for Institutions to set their own targets for 2020 for 
scope 1 and scope 2 emissions against a 2005 baseline."
However, the Higher Education Funding Council for England (2012) later 
conceded that "Institutional targets are not required to be the same as the sector 
target because it is recognised that each Institution will be able to make a 
different contribution to the target...." according to factors including but not limited 
to academic activity, space utilisation and the age profile of the Estate and went 
on to identify "The collective impact of institutional targets as a 38 per cent 
reduction between 2005 and 2020. This is slightly lower than the sector-level 
target, but demonstrates the commitment of the sector to reducing emissions."
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UK Requirements
Kyoto Protocol 1997 (1 st period 2008-2012)
Kyoto (ED "Burden Sharing" Agreement)
Climate Change Agreement 2008 (original)
Climate Change Agreement 2008 (revised)
HEFCE(2009, p.10)
HEFCE(2010a, p.2)
HEFCE (2012), HEI's collective targets,
HEFCE (2009, P.10) aspirational targets
Climate Change Agreement 2008 (original)
Climate Change Agreement 2008 (revised)
HEFCE (2009, p.10)
HEFCE (2010a, p.2)
HEFCE (2009, P.10) aspirational targets





















































Table 5.1 Summary of chapter 5.1, UK and HE sector COa emissions 
reduction targets.
5.2 CO2 Emission Categories
The following categories are as defined by the Greenhouse Gas Protocol 
developed by the World Resource Institute (2004) and adopted by the 
Department for Environment, Food and Rural Affairs (2009) and can be 
summarised in relation to the HE sector as below:
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• scope 1: direct emissions - these include direct emissions from the 
combustion of fossil fuels within the estate, such as natural gas, 
heating oil, coal and other fuels, as well as in assets owned by the 
institution, such as motor vehicles (petrol, diesel and other transport 
fuels). Recent research conducted on behalf of the Higher Education 
Funding Council for England (201 Oc, p.6) estimated that vehicles 
typically account for 0.71% of an HEI's total scope 1 emissions.
• scope 2: electricity emissions - these include indirect emissions 
associated with purchased electricity consumed by the institution.
• scope 3: other indirect emissions which are a consequence of the 
activities of an organisation but occur from sources not owned or 
controlled by the company. Within the HE sector this could include 
water, waste, business travel and commuting. Whilst there is currently 
no sectoral requirement to report scope 3 emissions, The Higher 
Education Funding Council for England (201 Oa, p.27) have stated that 
"Institutions are encouraged to measure a baseline for scope 3 
emissions and in the longer term we will expect these to be included."
5.3 Sectoral Data Sources
CO2 emissions are commonly derived from applying CO2 conversion factors to 
underlying energy consumption data. Therefore a readily accessible and 
accurate historical record of energy consumption data is essential for evaluating 
sector wide CO2 emissions.
Whilst reporting of "verified" energy data is now a requirement under the (Great 
Britain. The CRC Energy Efficiency Scheme Order 2010), there is little or no 
historical data available. Furthermore, not all UK HEIs are captured by the 
CRCEES due to the 6,000 kW-h half-hourly electricity annual consumption 
qualifying threshold outlined by the Department of Energy and Climate Change 
(2012). In addition, as reporting periods do not align with those historically used
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in the sector i.e. financial years (1 August to 31 July), direct comparisons with 
other sector datasets would not be possible.
Fortunately, since 1996 UK Higher Education Institutions have voluntarily 
reported energy and other data on an annual basis as part of a dataset known as 
the Estate Management Statistics (EMS). These statistics were initially collated 
by the Association of Directors of Estates (2012). Responsibility was later 
transferred to the Higher Education Statistics Agency (HESA) through a web- 
based management information service known as the Higher Education 
Information Database for Institutions or HEIDI available at 
http://www.heidi.ac.uk/.
In addition to the EMS, HEIDI provides access to a wide range of quantitative 
datasets compliled by HESA covering students, staff, finance, teaching and 
research. HEIDI includes functionality to facilitate normalisation and 
benchmarking analysis.
In their report to HEFCE, SQWenergy, SQWconsulting (2009, p.6) noted that 
"The EMS cover all 150 current Higher Education Institutions (HEIs) in the UK." 
SQWenergy, SQWconsulting (2009, p.38) also indicated that "The Estates 
Management Statistics (EMS) were generally felt to be a useful tool in comparing 
Institutions with one another." But added that:
However, there is still substantial leeway for interpretation and there may 
be a need to review the input guidance of the EMS to ensure that results 
looking forward are genuinely comparable (e.g. guidance on how to treat 
purchase of green electricity). A detailed guidance to Institutions on which 
parameters to monitor and report will not only improve the setor-level 
understanding of carbon emissions but also facilitate individual HEIs in 
developing their own targets and delivery plans.
The dataset was subsequently adopted by the Higher Education Funding Council 
for England (2012) for the purposes of monitoring carbon management who have
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stated that "Performance against the sector level target will be published annually 
using data collected through the Estates Management Statistics".
As the various datasets within HEIDI have been approved by HEFCE for 
performance measurement in England and represent the most comprehensive 
sector specfic statistics, they have been adopted as the primary source of energy 
and other data for quantitative analysis within this study, in particular the 
following data sub-sets as defined by the Higher Education Statistics Agency 
(2011) were considered:
  D38A C1 Energy consumption for the whole estate (including residences) 





  D4 Total FTE students 
D5 Total FTE staff
  D1 Total HEI income.
For the raw data used from these datasets see appendix A.
For the period considered by this study (2005-2006 to 2009-2010) energy 
consumption data within the EMS for the welsh HEIs is complete with the 
exception of:
  Glyndwr University, who have consistently failed to report any energy data 
for this period but have reported other data within the EMS. Based on GIA 
data contained within the EMS, it was noted that Glyndwr University 
accounts for approximately 3.5% of the GIA of the welsh HE estate,
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therefore it was decided that the missing data was unlikely to significantly 
affect the validity of any analysis.
  Cardiff University, who did not return energy consumption data for 2006- 
2007, 2007-2008 and 2008-2009. However, the missing data was 
obtained by the author directly from Cardiff University's Estates 
Department (see appendix B) and as this would have been the original 
source of the data within the EMS, it has been retrospectively incorporated 
into the dataset accessed through HEIDI for the purposes of this study.
5.4 Measurement of CO2 Emissions
As previously noted, CC-2 emissions are commonly derived from applying CC>2 
conversion factors to underlying energy consumption data. Relevant conversion 
factors along with further guidance is available and periodically updated from 
Department for Environment, Food and Rural Affairs (2011, pp. 9-13). It can be 
seen from these guidelines that CO2 conversion factors are not a constant, 
particularly for grid electricity where actual emissions are dependant upon the 












































Table 5.2 CO2 conversion factors for electricity from Great Britain. 
Department for Environment, Food and Rural Affairs (2011, p.12).
As can be seen from table 5.2 these factors can vary significantly over the long- 
term which could lead to inconsistencies when making historical comparisons 



























Table 5.3 CO2 conversion factors for direct fossil fuel combustion from 
Higher Education Funding Council for England (201 Oc, para. B-1).
In contrast only minor historical changes were observed in the CO2 conversion 
factor for natural gas which could potentially be attributed to an increasing 
reliance on imported natural gas and in particular Liquified Natural Gas (LNG) 
which has a CO2 impact associated with its' transportation.
The Higher Education Statistics Agency (2011) suggests using conversion fuel 
factors taken from the Defra for calculating CO2 emissions unless a more 
appropriate conversion rate is available to an HEI. Therefore, in the interest of 
consistency all sectoral CO2 emissions quoted within this study are based on 
direct calculation from the underlying energy consumption data within the EMS 
unless otherwise stated.
As the prime objective of setting CO2 reduction targets is to improve the 
performance of Institutions individually and collectively, it is important that the 
effect of variations in CO2 conversion factors is accounted for within reporting 
mechanisms. This study has considered two potential methods:
• Option 1: Reporting and targeting improvements against the underlying 
energy consumption. Whilst this method would provide the necessary 
consistent time-based comparisons it would not account for the relative 
CO2 intensity of individual fuels.
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• Option 2: Applying a constant CO2 conversion factor to both the baseline 
and reporting years. Whilst factors from either the reporting or baseline 
years could be used, retrospectively applying and adjusting the baseline 
to take account of current CO2 intensity is believed by the author to offer 
the most accurate assessment of actual CO2 savings.
Advice from Department for Environment, Food and Rural Affairs (2011, p. 63) is 
to retrospectively apply current CO2 conversion factors where changes are due to 
the publishing of more accurate emission factors, as described in option 2.
5.5 Baselines
All baselines referred to in this study are measured on an academic or HE 
financial year, e.g. a 2005 baseline measures emissions from 1 August 2005 to 
31 July 2006.
The grant letter to HEFCE from the Secretary of State for Innovation, Universities 
and Skills of 21 January 2009 (Great Britain. Department for Innovation, 
Universities and Skills, 2009) contained the following requirements relating to 
climate change:
Last year, I set out our ambition that capital funding for institutions should 
be linked to performance in reducing emissions. Following your advice to 
me, I am now confirming that such links should be in place for 2011-12. In 
May 2008 I asked you to finalise during 2008-09 a strategy for sustainable 
development in HE, with a realistic target for carbon reductions that would 
reduce carbon emissions by 60 per cent against 1990 levels by 2050 and at 
least 26 per cent by 2020. This former target should now be upgraded to 80 
per cent, in line with Parliament's decisions in passing the Climate Change 
Act 2008.
In parallel with this, the 2009 update to the strategic plan for 2006-2011, the 
Higher Education Funding Council for England (2009b, p.48) outlined a revised 
key performance target (KPT) relating to sustainable development. Formed
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following discussion with the then Department of Innovation, Universities and 
Skills, the new KPT14 is:
To develop during 2009-10 in consultation with stakeholders a realistic 
strategy and target for carbon reductions which are sufficient to ensure 
satisfactory progress towards the government targets of reducing carbon 
emissions by 80 per cent against 1990 levels by 2050 and at least 34 per 
cent by 2020.
As national targets have arisen from UK obligations under the Kyoto Protocol 
they are set against a 1990 baseline. However, as previously noted 
comprehensive data collected by the Higher Education Statistics Agency was not 
available prior to 1996.
The Higher Education Funding Council (201 Oc, p. ii) stated that SOW were 
asked "...to provide individual HEI carbon baselines for two years:
• 1990 (which relates to the 1990-91 academic year) as the year against 
which most national and sectoral targets are set
• 2005 (which relates to the 2005-06 academic year) as a more recent year 
for which higher quality data is available."
In their "Carbon reduction target and strategy for higher education in England", 
the Higher Education Funding Council for England (201 Oa) reported "Against a 
2005 baseline, this is equivalent to a reduction of 43 per cent by 2020 and 83 per 
cent by 2050;...".
This compares with the Wales Assembly Government (2010) public sector target 
of 3% per annum from 2011 (2011-2012) or 27% by 2020 (2019-2020) against a 
baseline of an average of emissions during the years 2005-2010 (2005-2006 to 
2009-2010).
Therefore in order to differentiate between the requirements placed upon the 
English and Welsh HE sector it was necessary to consider the following 
baselines for Welsh HEIs:
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  An average of emissions during 2005-2010 as required by the Welsh 
Government.
  A 2005 baseline as adopted by HEFCE.
  A 1990 baseline as referred to by HEFCE and against which UK 
obligations are measured.
5.6 Normalising Data
5.6.1 Factors Affecting Consumption
Historical energy consumption patterns are affected by many factors other than 
the effectiveness of energy conservation (or carbon management) strategies. 
Influencing factors are likely to be many and varied and can include changes to 
the scale and nature of a business, operating methods and even weather 
variations.
The Higher Education Funding Council for England (2012) acknowledged that 
"Institutional targets are not required to be the same as the sector target because 
it is recognised that each institution will be able to make a different contribution to 
the target, and that carbon emissions will vary according to several factors". They 
continued by quoting examples of Institutional differences such as:
  the mix of subjects
  the ratio of teaching to research
  institutions that made significant reductions prior to 2005
  institutions that currently occupy energy-inefficient buildings or are 
	relocating to energy-efficient buildings will have greater opportunities
  opportunities for onsite renewable energy vary between institutions
  some institutions have more potential than others to rationalise space use
  particular challenges from reducing carbon emissions in historic buildings
  assumptions behind the targets (for example on the de-carbonisation of
grid electricity) which may vary.
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The UK Government and the higher education funding bodies in England and 
Wales require an absolute reduction in CO2 emissions as outlined in section 5.1 
of this document. This contrasted with advice from Higher Education 
Environmental Performance Improvement (2012) whose original website once 
cited within its "Energy - Best Practice" page (see appendix E), an example of 
best practice being when "The organisation has identified and actively uses an 
appropriate measure of specific energy consumption (SEC) e.g. GJ per m2 or unit 
product. Account is taken of changes in business size or activity levels."
If the purpose of CO2 reduction targets is to quantify the effectiveness of energy 
conservation (or carbon management) strategies, HEEPI were suggesting 
consumption data should be normalised to gain a more accurate assessment of 
performance.
In order to identify methods of normalising energy data, the author has 
considered factors that could significantly affect energy consumption within the 
following categories:
  Growth
  Institutional Factors
  The weather
5.6.2 Growth
The core business of HE can be defined in the broadest terms as teaching and 
research.
Growth can be easily expressed in both financial terms and student numbers, as 
with any business, growth in an HEI would tend to be reflected in customer 
numbers and turnover. In the case of an HEI increased staff/student numbers 
would in turn influence the necessity for additional information technology or 
specialist research equipment, the size of the estate and/or increased occupancy 
hours. All of these factors are likely to affect energy consumption and the use of
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an absolute CO2 reduction metric without normalising for growth, would 
disadvantage succesful Institutions that have grown or are continuing to grow 
their businesses.
As energy consumption can be seen to be directly related to occupancy levels a 
specific metric taking account of total staff and student numbers may seem 
appropriate.
Similarly growth in income may be a useful indicator particularly in Institutions 
with a large contribution from research. However, whilst initially appearing to be a 
simple and straightforward growth metric, caution should be exercised with 
regard to inflationary pressures and changes in funding mechanisms.
The physical size of the estate expressed in gross internal area (GIA) could 
reasonably be expected to have a close correlation with energy consumption and 
therefore be an obvious metric against which to normalise. However, improving 
space utilisation which is a valid CO2 reduction measure would detrimentally 
influence results measured by this metric.
Whilst recommending that reduction targets for scope 1 and scope 2 carbon 
emissions in the Higher Education sector in England should be absolute against 
a base figure (i.e. not relative to sector growth), SQWenergy, SQWconsulting 
(2009, p. 29) further noted that "Relative carbon emission metrics and respective 
targets, such as carbon dioxide per student or staff, GIA, or revenue are, a 
useful, complementary approach as they can encourage greater discipline at the 
Institution level and also allow for more direct comparisons between Institutions."
The use of specific energy consumption metrics to aid "comparisons between 
Institutions" or benchmarking is further discussed in section 5.7.
This approach is endorsed by People and Planet (2012a, p. 37) who have 
included a growth normalising metric based on total staff/student FTEs in addition 
to scoring absolute reductions. These metrics are used as part of their scoring
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criteria for the People and Planet (2012b) "Green League" which ranks UK HEIs 
based on their sustainability credentials.
5.6.3 Institutional Differences
Whilst there are clearly differences between Institutions which as previously 
indicated in section 5.6.1 may include the:
  mix of subjects e.g. science v business
• ratio of teaching to research
  relative energy efficiency of the Estate
  opportunities for onsite renewable energy
  potential to rationalise space use
  particular challenges posed by historic buildings
Additionally, other factors such as the mix of buildings within the Estate e.g. 
amount of residential v. academic space can all affect the relative energy 
consumption of individual Institutions and can be valid explanations of the 
differences in sector benchmarking results. But as any changes to these factors 
at an individual Institution level would logically be gradual they are less important 
for HEIs measuring against their own historical performance than they become 
for making peer comparisons.
5.6.4 Weather
The Chartered Institution of Building Services Engineers (2004, p.1-3) estimated 
that in the year 2000, 41% of UK CO2 emissions from energy use in non- 
domestic buildings arose from heating and 5% from cooling and ventilation.
The actual amount of energy required to condition buildings will be dependent on 
several factors including environmental conditions e.g. external temperature. 
Research by Day, A. (1999, p. 3-4) observed that "buildings are highly complex 
systems with multiple heat flow paths, each of which can be influenced by a 
number of different factors". He summised that "these dynamic relationships will
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mean that heat flows will be constantly varying due to fluctuations in 
environmental conditions, the behaviour of the occupants and controls and the 
response of the heating system". Whilst it is difficult to quantify the latter two 
factors it is possible to access data relating to the outdoor environment i.e. the 
weather.
The Carbon Trust (2012) suggests that "degree days provide a powerful but 
simple way of analysing weather related energy consumption". This statement 
may explain why they are such a commonly utilised method for normalising 
energy consumption used to heat (or cool) buildings.
The Chartered Institution of Building Services Engineers (2006, p. ii) explain that 
"Essentially degree-days are a summation of the differences between the outdoor 
temperature and some reference (or base) temperature over a specified time 
period." The Chartered Institution of Building Services Engineers (2006, p. 4) add 
that "In the UK, degree-days are published monthly for 18 regions to a traditional 
base temperature of 15.5 °C". The Carbon Trust (2012, p.4) quotes that "the 
base temperature is defined as the outside temperature above which the heating 
system in a building would not be required to operate".
Degree days are also published and similarly applied to calculations relating to 
energy used to cool buildings. The Chartered Institution of Building Services 
Engineers (2006, p. 10) explains that "Cooling degree-days are calculated from 
temperatures above a base temperature; the equations to calculate them simply 
subtract the base from the outdoor temperature using similar principles as for the 
heating case".
Degree days are commonly used in energy management for simple ratio-based 
weather normalisation and to determine non-weather related energy 
consumption using a technique known as linear regression analysis.
However, despite the widespread use of degree days there are a number of 
inherent inaccuracies in the methodology which could give misleading results
highlighted by Bizee Energy Lens (2012) in an online article paraphrased below:
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• Base temperature: As the actual outside temperature above which a 
building does not require heating is dependant on many factors including 
internal heat gains, internal temperature setpoint and the thermal 
characteristics of the building, it is unlikely that a base temperature of 
15.5°C (or 18.5°C) would be the correct value for all buildings.
• Non-weather related baseload: It will be necessary to estimate the 
proportion of the energy consumption to be weather normalised unless 
weather and non-weather related consumption is separately metered. The 
technique usually used to do this is known as linear regression analysis 
and the accuracy of the approximation is highly dependent on whether the 
base temperature is appropriate for the particular building.
• Intermittent Heating: As degree days are collected over a 24-hour period 
the highest incidence occurs overnight when heating systems would 
normally be off. The closeness of the correlation between energy 
consumption and heating degree days can be further affected by heating 
systems operating in "frost condition". Calendar related issues such as 
the incidence of bank holidays and weekends in a given month can also 
distort correlations.
• Meter Reading: Further inaccuracies will be created unless the timing of 
meter readings coincide with the period for which degree day data is 
collated.
• Degree Day Region: Degree days are commonly reported for 18 regions 
in the UK and and Welsh HEI's would be based in either:
o Region 5 - Severn Valley 
o Region 16-Wales
Accuracy will also be affected by whether the region is "site 
representative".
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• Applying Degree Days: Normalisation of fossil fuel consumption is 
common practice but as HEI's are increasingly using electricity for heating 
with air and ground source heat pumps becoming more popular 
normalisation of electricity consumption may also need to be considered.
Tables 5.4 and 5.5 compare 20-year average values and annual data for the two 
"degree-day regions" within which the welsh HEIs are located i.e. Region 5, 
Severn Valley and Region 16, Wales against a 2005-2006 baseline.
Whilst data is usually published by the Carbon Trust on a monthly basis and 
arranged into calendar years the following table has been arranged into 














































































































Table 5.4 Degree day data for Severn Valley region comparison with 2005- 















































































































Table 5.5 Degree day data for Wales region comparison with 2005-2006 
baseline from Carbon Trust (2011).
Variations against the baseline year were observed to range from 10.9% "colder" 
to 21.9% "warmer" which illustrates the extent to space heating loads vary year to 
year and illustrates the difficulty in assessing performance without accounting for 
the weather.
In spite of such fluctuations, the methodology adopted for measurement within 
the sector is to use absolute data without any weather normalisation. The Higher 
Education Funding Council for England (201 Oc, p.3) stated that "Weather 
correction has not been applied to any figures as an absolute approach is 
required under CIF2". CIF2 refers to their capital investment framework which is 
linked to an HEIs carbon reduction peformance.
5.7 Benchmarking
CIBSE TM 46 published by the Chartered Institution of Building Services
Engineers (2008) contains a comprehensive set of energy benchmarks for
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buildings and populates the database within the ORCalc software used to 
generate Display Energy Certificates.
The Chartered Institution of Building Services Engineers (2008) CIBSE note in 
the foreword to this document that "Performance management is all about 
tracking performance and identifying opportunities for improvement. This relates 
not only to past performance but also how current performance compares with 
other buildings, especially those of similar type."
The benchmark values applicable to the HE Estate are identified by the 
Chartered Institution of Building Services Engineers (2008, p.5) as "Category 18, 
University Campus" and are intended to represent a "Typical campus mix for 
further and higher education universities and colleges".
Recent research by Bruhns, H., Jones, P., Cohen, R. (2011) carried out to 
validate the benchmark values concluded with regard to the "University Campus" 
that: "Overall ratings in the category are reasonable although the heating 
benchmark is thought to be too generous (240 kW-h/m2 cf offices 120 kW-h/m2 ) 
but this is compensated by the slightly leaner electricity benchmark (80 kW-h/m2 
cf offices 95 kW-h/m2 )." Possible explanations may include longer operating 
hours for Universities as compared with offices.

































Table 5.6 CIBSE TM46:2008 benchmark values for category 18 university 
campus.
The Chartered Institution of Building Services Engineers (2008, p. 12) lists the 
CO2 conversion factors it has applied to obtain the illustrative CO2 emission 
benchmarks as 0.550 kgCO2/kW-h for electricity and 0.190 kgCO2/kW-h for 
fossil-thermal.
The Chartered Institution of Building Services Engineers (2008) note in the 
foreword to TM46 document notes that "Display Energy Certificates (DECs) are 
intended to provide information to operators of larger public buildings about how 
well they are actually being run, based on metered energy consumption data."
Guidance on the introduction of Dispay Energy Certificates is provided by the 
(Great Britain. Department for Communities and Local Government 2008, p.5). 
Their guide:
...provides an introduction to the Regulations for display energy 
certificates for large public buildings. Display Energy Certificates ('DECs') 
promote the improvement of the energy performance of buildings and form
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part of the final implementation in England and Wales of the European 
Directive 2002/91/EC on the Energy Performance of Buildings.
In this guidance document the (Great Britain. Department for Communities and 
Local Government 2008, p.7) state that:
...A DEC and advisory report are required for buildings with a total useful 
floor area (see Glossary of terms for a definition) over 1,000m2 that are 
occupied in whole or part by public authorities and by institutions providing 
public services to a large number of persons and therefore frequently 
visited by those persons.
Not all buildings have a DEC due to the area threshold and low compliance rates 
identified by Bruhns, H., Jones, P., Cohen, R. (2011, p. 3) who reported that:
There are two categories of non-compliance. First and most importantly, 
there are those buildings which do not have a DEC but should have. 
These are not detectable from examination of the database which covered 
33,419 different buildings (as indicated by UPRN). A regulatory impact 
assessment in March 2007 had estimated at least 42,300 buildings would 
be caught by the DEC Regulations which implies over 20% have not 
complied. Secondly, as was shown by the analysis, there was a 
widespread non-compliance manifested by only about half the properties 
having a renewal DEC.
Therefore comparisons between HEIs on this basis would not be representative 
of the welsh HE estate in its entirety.
More detailed benchmarks for a range of building types are provided by the 
Chartered Institution of Building Services Engineers (2004, p. 20.1).
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Building type







Residential, halls of residence
Residential, self catering/flats
Science laboratory
Energy consumption benchmarks for













































Table 5.7 CIBSE Guide F (Second Edition) 2004: Benchmark Values for 
Education (further and higher) buildings.
The above data illustrates the diverse range of buildings that form a University 
Campus and the significant variance in energy consumption per m2 . Therefore 
comparisons of individual campuses with CIBSE University Campus benchmarks 
may be as much an indicator of the mix of buildings as it is of energy efficiency.
Similarly other HE building specific benchmarking tools are available such as 
"CE-Benchbuild an excel tool developed for the HE sector" as described by the 
Sustainable Procurement Centre of Excellence (2012).
Based on an explanation of the tool from the Sustainable Procurement Centre of 
Excellence (2012) buildings are placed in one of the following eight categories:
1. Office (single use).
2. Sports & Recreation (single use).
3. Libraries (single use).
4. Residential (single use).
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5. Mixed HE, Academic (typical HE academic building).
6. Teaching (Tailored): buildings with lecture theatres, seminar rooms, 
offices and other spaces related to teaching.
7. Support (Tailored): buildings with catering, meeting rooms, offices and 
other support.
8. Laboratories and other buildings (Tailored).
However, the guide goes on to explain that the tool requires far more detail for 
analysis than is available through the EMS, including energy consumption and 
energy cost data along with building details such as GIA, occupancy, thermal 
mass, exposure etc. For the purposes of reviewing the whole of the Welsh HE 
Estate it is unlikely that this level of detail would be available without conducting 
detailed site surveys.
A report by the National Audit Office Wales (2005, p. 6) entitled "Energy and 
Water Management in the Higher Education Sector in Wales", noted that:
Energy and water efficiency vary widely across the higher education 
sector in Wales, with several Institutions exceeding national benchmarks. 
Although direct comparisons between Institutions must allow for the 
different uses to which the estates may be put, the overall performance 
suggests there is scope for improved energy and water efficiency, a view 
supported by our own local energy survey findings and by opinions of 
estates managers across the sector. Furthermore, current arrangements 
for energy and water management commonly fall short of good practice.
The benchmarks identified within the literature review will be used to benchmark 
the HE Estate in Wales and determine whether the findings of this 2005 report 
remain valid.
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5.8 Best Practice Case Studies
Whilst there are many examples of best practice case studies across the HE 
sector in the UK, the research method selected for this study is to select a single 
case study from quantitative analysis of HEIs in Wales.
However, it was noted by SQWenergy, SQWconsulting (2009, p.35) that "Whilst 
technical solutions are currently being widely adopted across the sector, there 
are few sector-wide projects looking specifically at behavioural change, although 
studies suggest that between 5-10% carbon reductions are realistically possible 
through behaviour change alone."
5.9 Cost Effectiveness of Interventions
The Higher Education Funding Council for England (201 Oa, p. 4) emphasised
that:
Setting targets is essential to identify the size of the challenge, co-ordinate 
efforts nationally and internationally, and demonstrate commitment to 
meaningful change. However, targets alone do not achieve results. They 
need to be supported by a strategy so that the methods by which the 
targets are to be achieved can be agreed and the necessary actions and 
investment put in place.
In his foreword to The Higher Education Funding Council for England (201 Oa, p. 
1) and in reference to the commitment of the sector to reducing its carbon 
emissions Sir Alan Langlands, Chief Executive of HEFCE warned that "We 
should not underestimate the size of the challenge, nor its cost."
SQWenergy, SQWconsulting (2009, p.16) in their 2009 report to HEFCE 
observed that "....in theory, all (100%) of the carbon emissions can be saved - 
this is ultimately a question of cost...." In practice, the likelihood is that the HE 
sector will be unable to provide sufficient funds to eliminate all carbon emissions 
and would logically seek to prioritise implementation of the most cost effective 
abatement measures.
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The Higher Education Funding Council for England (2010a, p12) suggest that:
The carbon hierarchy (Figure 4) provides a systematic and structured 
approach to managing and reducing emissions in a socially responsible 
and cost-effective way. Actions at the top of the hierarchy are more 
transformative and lasting in terms of reducing emissions. A carbon 
hierarchy is being used by the Department for Children, Schools and 
Families' Zero Carbon Task Force to help move towards the 
Government's ambition of delivering zero-carbon school buildings from 
2016.
















Passive features (for example 





Provide simple and effective controls
Recover useful heat
Use clean fossil fuel technology
On-site or near-site renewable energy 
sources, including community schemes
Seek partnerships to increase your 
capacity to do the above
Consider responsible carbon offsetting 
schemes
Procure green electricity supplies
MONITOR
  Learn fromexistingprojectsandactice 
  Apply controlmeasures 
  Evaluate imp cts
Figure 5.1 The Carbon Hierarchy The Carbon Hierarchy as cited in Higher
Education Funding Council for England (201 Oa, p. 13).
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It should be noted that whilst the "carbon hierarchy" includes "responsible carbon 
offsetting" within the "NEUTRALISE" category, the Higher Education Funding 
Council for England (201 Oa, p. 24) clearly states that "Carbon offsetting may not 
be used to meet an institution's carbon reduction target for scopes 1 and 2". But 
do add that "carbon offsetting may form part of an institutions carbon 
management plan for mitigating the effects of essential activities that create 
emissions under scope 3."
Therefore interventions to reduce scopes 1 and 2 CO2 emissions will need to 
focus on consuming less energy and sourcing a greater proportion from low or 
zero carbon sources.
Whilst the carbon hierarchy is useful in providing a systematic and structured 
approach, for strategic planning purposes a method of assessing the relative cost 
effectiveness of potential abatement measures is also necessary.
The Higher Education Funding Council for England (2010a, p.15) reports that the 
six most viable interventions in terms of scale of impact and cost-effectiveness 
for the sector as:
  lights and electric appliances (including information and communication 
technologies (ICT))
  building energy and space management
  building fabric upgrade
  efficient energy supply (combined heat and power (CHP)/tri-generation, 
district heating)
  renewable energy
  behavioural change and new ways of working.
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As this report was not explicit in defining these categories it was also useful to 
consider how potential abatement measures are categorised by the Carbon Trust 









Biomass boilers, wind turbines
Design & Asset Management
eg: Low C02 new build, Property 
rationalisation, Procurement changes, 
Targets for refurb'
Invest to Save
eg: Insulation, Lighting, Controls, Heat 
recovery, CHP, Fuel policy, Plant 
replacement, New technology
Good Housekeeping
eg, M&T, Awareness, Training, Regular 
inspection & Audit, DEC compliance
Figure 5.2 Carbon Trust categorisation of potential abatement measures 
cited by Evans, L. (2012).
HEFCE identified the six most cost-effective interventions to reduce carbon 
emissions based on the use of Marginal Abatement Cost Curves (MACCs) which 
the Higher Education Funding Council for England (201 Ob, p. 44) describe as an 
"...assessment and decision-making tool regarding carbon-reduction 
interventions...".
Figure 5.3 below provides a simple explanation of how to interpret a MACC.
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All options below the
horizontal axis produce
net cost savings over
their lifetime
All options above the
horizontal axis will
require a net investment







Cumulative annual CO: caving
(fonnecj
The width of the block
represents the magnitude of
the annual CO2 savings for
that option
•ness
The options are placed in order of cost effectiveness
The most cost effective options appear at the far left
of the MAC curve and vice versa
Figure 5.3 An explanation of how to interpret a MAC Curve from National 
Health Service, Sustainable Development Unit (2010, p.12).
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Residential biomass (off-gas gnd) 
Reduced household heating by 1°C
MtCO,
Electronic products
Lifestyle Measures (E.g. Turn 
unnecessary lights off)
Lights and Appliances (Eg 
Electronic products)
Renewable Heat and 
Microgeneration(Eg PV, Biomass)
Insulation Measures (Eg. 
Solid wall insulation)
105 110
Solar water heating 
Photovoltaic generation
Heating Measures (E.g. 
Energy efficient boilers)
Figure 5.4 Marginal abatement cost curve in 2020 for residential buildings 
at the UK level, 2008 , as cited in SQWenergy, SQWconsulting (2009, p. 18) 
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MtCO,
Btomass Heat pumps 
Solar thermal heating
Solar PV
| Energy Management (Eg ^H 
——' Turning off lights for an extra ^^ 
hour)
• Lights and Appliances (Eg Electronic products) —
Source: Committee on Climate Change, 2008
Renewable Heat and 
Microgeneration (Eg PV, 
B4omass)
Process Efficiency (E.g 
Variable speed drives)
Efficiency Measures (Eg More 
efficient heating and cooling)
Figure 5.5 Marginal abatement cost curve in 2020 for non-residential 
buildings at the UK level, 2008, as cited in SQWenergy, SQWconsulting 
(2009, p. 19) from Committee on Climate Change (2008, p.226).
SQWenergy, SQWconsulting (2009, p. 18-19) referenced the particular MACCs 
shown above in figures 5.4 and 5.5. The information they provided was later 
summarised by Higher Education Funding Council for England (201 Oa, p. 16) 
HEFCE to form a table entitled "Costs and benefits of the six most viable 













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The relative cost effectiveness of these measures is summarised below.
Intervention Cost-effectiveness (lifecycle)* (£/tCO2)
Behavioural change and 
new ways of working
-300 to -400




Building energy and 
space management
average of-150
Building fabric upgrade -50 to-100
Efficient energy supply 
(CHP/tri-generation, 
district heating)
Average can be taken as neutral (£0/tCO2). Most 
standard on-site CHP options are cost-effective, but 
depending on the circumstances (for example 
location, demand density) these, as well as district 
heating, could be non-cost-effective
Renewable energy
200 to 300. There is a sub-set of technologies that 
are more cost-effective, such as biomass boilers, 
solar water heating and ground-source heat pumps.
Table 5.9 HEFCE's assessment of the cost effectiveness of the six most 
viable interventions to reduce carbon emissions in HE, from Higher 
Education Funding Council for England (201 Oa, p. 16).
Based on table 5.9 it can be seen from the categorised interventions, renewable 
energy is the only intervention that has a positive cost-effectiveness (lifecycle) 
(£/tCO2 ) value. Meaning that the intervention will not result generate in or 
generate sufficient savings over its lifetime to cover associated costs.
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5.10 Funding Improvements
Winsum, A., James, P. (no date) reported that "Experience shows that some of 
these improvements can be achieved through no-cost measures such as raising 
awareness and changes in behaviour. However, the majority of reduction 
opportunities will involve some capital expenditure".
5.10.1 Barriers to Investment in Energy Efficency
Winsum, A., James, P. (no date) further remarked that "unfortunately, there are 
several reasons why investments in energy efficiency in higher education can be 
difficult to make including:
An understandable management focus on key organisational objectives such as 
attracting students or research findings, resulting in energy conservation having a 
low priority
A lack of capital resulting in 'essential' investments rather than apparently 
optional ones such as energy efficiency, or only on investments with very short 
paybacks
Funding mechanisms, which sometimes means that capital costs are borne from 
project budgets but energy costs are not (or only for the project's duration, even 
though they will carry on for longer)."
These barriers will need to be circumvented if the HE sector is to meet long-term 
CO2 emissions reduction targets. Reductions in energy consumption reduce 
revenue costs which could be used to provide a source of funding for projects 
with short-term paybacks or to facilitate repayments for loan funding.
5.10.2 External Funding
External funding could be a useful solution to the barriers that exist to capital 
investment in energy efficiency highlighted above.
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A major source of external funding for HEIs currently available is from Salix 
Finance (2012a) who describe themselves as "an independent, not-for-profit 
company funded by DECC and the Welsh and Scottish Governments...".
Salix Finance (2012a) report as of October 2012 they have "... funded over 9,000 
projects with 662 public sector bodies, valued at £194m, saving the public sector 
£56m annually and £750m over project lifetimes."
Salix Finance (2012b) explain that in Wales:
Projects must comply with the following criteria:
  the project must pay for itself in energy savings within a maximum 8 
year period
  the cost of CO2 must be less than £200 per tonne over the lifetime of 
the project
  the project must be "additional" (see below)
There is a minimum value for any single project of £500 and a total minimum 
application and loan value of £5,000. There is no maximum level for an 
application.
5.10.3 Renewable Energy Incentives
Whilst renewable energy has been shown to be the least cost effective of the 
potential interventions, UK Governments have introduced schemes offering 
financial incentives to increase the uptake of such technologies (Great Britain. 
Department of Energy and Climate Change, 2012b).
The schemes currently applicable to HE are:
  Feed in Tariff (FIT)
  Renewable Heat Incentive (RHI)
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The UK Government (Great Britain. Department of Energy and Climate Change, 
2012c) indicate that the "Small-scale low-carbon electricity technologies eligible 
for FITs are:
  wind
  solar photovoltaics (PV)
  hydro
  anaerobic digestion
  domestic scale microCHP (with a capacity of 2kW or less)"
They further describe "the three financial benefits from FITs:
  Generation tariff - the electricity supplier of your choice will pay you for 
each unit (kilowatt) of electricity you generate
  Export tariff - if you generate electricity that you do not use yourself, you 
can export it back to the grid. You will be paid for exporting electricity as 
an additional payment (on top of the generation tariff)
  Energy bill savings - you will not have to import as much electricity from 
your supplier because a proportion of what you use you will have 
generated yourself, you will see this impact on your electricity bill."
As a consequence of these payments a number of third parties including energy 
suppliers have been offering to install systems without any capital expenditure on 
the part of the Client, these arrangements are sometimes referred to as "rent-a- 
roof schemes.
Key aspects of the RHI are described by the (Great Britain. Department of 
Energy and Climate Change, 2012d) as:
  "Support for a range of technologies and fuel uses including solid and 
gaseous biomass, solar thermal, ground and water source heat-pumps, 
on-site biogas, deep geothermal, energy from waste and injection of 
biomethane into the grid.
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  Support for all non-domestic sectors including: industrial and the 
commercial sector; the public sector; not-for-profit organisations and 
communities in England, Scotland and Wales.
  RHI payments to be claimed by, and paid to, the owner of the heat 
installation or the producer of biomethane.
  Payments will be made quarterly over a 20 year period.
  For small and medium-sized plants (up to and including 45kWth), both 
installers and equipment to be certified under the Microgeneration 
Certification Scheme (MCS) or equivalent standard, helping to ensure 
quality assurance and consumer protection.
  Tariff levels have been calculated to bridge the financial gap between the 
cost of conventional and renewable heat systems, with additional 
compensation for certain technologies for an element of the non-financial 
cost.
  Heat output to be metered and the support calculated from the amount of 
eligible heat, multiplied by the tariff level.
  Biomass installations of 1 MWth capacity and above will be required to 
report quarterly on the sustainability of their biomass feedstock for 
combustion and where they are used to produce biogas."
With both incentive schemes actual tariffs are particular to individual technologies 
and are under continual review.
These incentives are designed to improve the cost-effectiveness of renewable 
energy interventions and it is essential that they are considered as part of any 
financial assessments of proposed renewable energy schemes.
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5.10.4 Future Funding Options
An innovative financing mechanism is planned to be introduced in October 2012 
and a summary given by (Great Britain. Department of Energy and Climate 
Change, 2012e) states that:
The Energy Act 2011 includes provisions for the 'Green Deal', which 
intends to reduce carbon emissions cost-effectively by transforming the 
energy efficiency of British properties...
The scheme will be open to non-domestic properties and will allow a range of 
interventions to be financed whilst providing reassurances that repayments will 
be covered by savings on energy bills. At the time of writing the finer details of 
the scheme have not yet been finalised.
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6.0 Sector Analysis
Some of the the aims of the study that were outlined within chapter 2 can be 
summarised as follows:
  Establish scope 1 and scope 2 CO2 emissions baselines for individual 
HEIs and hence the HE sector within Wales using absolute and specific 
metrics.
  Evaluate existing emissions trends against published targets.
  Benchmark the existing Welsh HE estate as the basis for quantifying 
potential improvement.
  Define and analyse an exceptional case study.
  Identify the most appropriate abatement strategies to achieve the 
required level of CO2 emission reductions.
  Determine whether CO2 emission reduction targets are economically 
achievable.
Whilst many of these aims are addressed within this chapter they are critically 
evaluated and discussed more fully within chapter 8.
6.1 Targets and Baselines
The Literature Review identified differing targets and baselines applicable to the 
English and Welsh HE sectors (refer to table 5.1). Measured to 2020 these were:
  A 38% (collective) reduction target against a 2005 baseline in England. A 
1990 baseline was also calculated by HEFCE primarily to enable direct 
comparison against UK wide targets to inform sectoral target setting 
against the 2005 baseline.
  A 27% reduction target against a 2005-2010 (averaged) baseline in 
Wales.
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To distinguish between the requirements placed upon English and Welsh HEI's it 
was necessary to generate similar performance baselines for individual 
Institutions to establish an overall Welsh HE sector baseline.
6.1.1 Baseline Calculation Methodology
To ensure consistency with analysis of the English HE sector, the approach 
adopted by Higher Education Funding Council for England (201 Oc, p. 4) was 
followed. "Energy consumption data for each institution was converted into 
carbon dioxide emissions by applying the latest standard Gross Calorific Value 
(CV) conversion factors from DEFRA 2010."






























Table 6.1 Conversion Factors used by SOW Consulting in recent research 
for Higher Education Funding Council for England (201 Oc, p. B-1).
* "For the calculation of electricity emissions for the 2005 baseline 
(2005/06 academic year), an average of the carbon conversion factors for 
2005 and 2006 was used."
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Whilst acknowledging that these conversion factors had been updated in 2011, 
the 2010 factors were retained for calculating Welsh baselines to permit an 
approach consistent with the Higher Education Funding Council for England 
(201 Oc, p. B-1).
Scope 1 emissions were calculated from the sum of fossil fuel consumption data 
with the addition of a 0.71% allowance for vehicle fleet emissions, again to be 
consistent with the approach adopted by the Higher Education Funding Council 
for England (201 Oc, p. 6).
Scope 2 emissions have been calculated directly from electricity consumption 
data.
Energy consumption data for 2005-06, 2006-07, 2007-08, 2008-2009 and 2009- 
2010 was obtained from within the EMS (see appendix A). As previously stated, 
the dataset within the EMS was complete for Welsh HEI's during the years 2005- 
2010 with the following exceptions:
  Energy consumption figures for Cardiff University were missing for 2006- 
2007, 2007-2008 and 2008-2009. For the purpose of this study they were 
obtained directly from Cardiff University (refer to appendix B for raw data). 
As Individual HEIs are the original source of data within the EMS they 
were accepted as having equal validity to the remainder of the dataset.
  For Glyndwr University there was an absence of energy consumption data 
for all five years under consideration however all other data required was 
available for this Institution. As the GIA of Glyndwr accounted for c. 3.5% 
of the total Welsh HE estate, it was decided that estimating data was an 
approach unlikely to significantly distort overal results or conclusions. Gas 
and electricity consumption data was derived from multiplying the sectoral 
median relative consumption (kW-h/m2) by the GIA of Glyndwr University 
for each of the five years. A summary of the estimation calculation is 
shown in appendix C.
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6.1.2 Baseline Year 2005
HEFCE's baseline is a straightforward total of emissions during 2005 based on 
this being the earliest year for which robust data was available for the sector.
The Welsh HE sector CO2 baseline for 2005 was calculated as 0.106 MtCO2 (see 
table 6.2) using the methodology described within 6.1.1.
Using a single year as a baseline would not necessarily be representative as it 
will be susceptible to weather fluctuations this is illustrated by referring to degree 
day data (see tables 5.4 and 5.5) for this particular year which shows degree 
days for the period covered by this study and the 20 year average:
  c. 1 % below the 20- year average for Wales
  c.8% above the 20-year average for Severn Valley
Further details including individual baselines for each of the Welsh HEIs are 
shown in table 6.2.
6.1.3 Baseline 2005-2010 Average
The Wales Assembly Government (2010, p.35) stated that:
To measure the target, we will compare the relevant emissions in each 
year from 2011 onwards to a baseline. This baseline will be an average of 
the relevant emissions between 2006 and 2010.
Beginning with 3% in 2011, the target is to reduce greenhouse gas 
emissions by an additional 3% of the baseline in each subsequent year. 
The baseline has been selected to ensure that it is as up to date as 
possible, and representative of our emissions levels at the start of the 
target period.
For the purposes of this study the same CO2 conversion factors as used to 
calculate the 2005 baseline were applied to each of the five years. Total
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emissions for each of the five years were then averaged to determine the Welsh 
Government's baseline for the HE sector in Wales.
The Welsh HE sector CO2 baseline for 2005 was calculated as 0.111 MtCO2 (see 
table 6.2) using the methodology described within 6.1.1 and above.
Further details including individual baselines for each of the Welsh HEIs are 
shown in table 6.2.
6.1.4 Baseline Year 1990
As previously stated, HEFCE also calculated a 1990 baseline to enable 
comparison against UK targets. As datasets for 1990 were incomplete this 
baseline was derived from 2005 data for the purposes of informing target setting, 
The Higher Education Funding Council for England (201 Ob, p. 15) noted in their 
guidance that:
... institutions may wish to reference their targets against a 1990 carbon 
baseline for comparative purposes. It is recognised that estimates will vary 
in their accuracy. For institutions where relevant 1990 data are available 
from the 'Hull' statistics, more accurate estimates can be produced.
Two methods were tested by the Higher Education Funding Council for England 
(201 Oc, p. 5) with the following method applied
.. using the group of 42 HEIs for which energy data were available for 
1990 and adjacent years, but also taking their 2005 data to establish a 
carbon emissions trend per student FTE. The total emissions for the 
sample group were divided by the total number of students for both 1990 
and 2005 and the percentage difference was established. The result 
showed that emissions per student in 1990 were on average 64% higher 
than in 2005 (the median percentage difference). Therefore, for the 
remaining HEIs, their known 2005 total emissions were divided by the 
number of students in 2005 and then increased by 64% to arrive at the
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kgCO2/student estimate for 1990. This figure was then multiplied by the 
number of students in 1990 to come up with the total emissions for the HEI 
in 1990.
The level of variation within the group of 42 HEIs for whom 1990 energy 
data are available is considerable. After excluding the outliers, results 
ranged from -56% to +159%. Most institutions in the sample, however, 
had higher emissions in 1990 and many were around the median of 64%. 
This is a plausible outcome as growth in student numbers has outpaced 
growth in energy consumption during this period.
The main advantage of this approach is its HEI-specific results. It uses 
the HEI's own and rather accurate 2005 carbon baseline and back-casts 
per FTE student emissions in 1990 applying a sector average trend. It 
acknowledges the fact that HEIs have different energy and carbon 
intensity (per student) on the basis of their estates portfolios and layout, as 
well as academic focus (mix of teaching and research). Given a similar 
mean change observed in the sample group (57%) and that many of the 
institutions had changes around the median of 64%, the modelled carbon 
estimate for all other HEIs for 1990 does not introduce a significant (and 
therefore unacceptable) level of error. The results are illustrative and 
provide consistency between institutions, but do, however, need to be 
used with caution as the level of accuracy is moderate to low. Given the 
changes to the sector and individual institutions since 1990, direct 
comparisons may also be misleading.
The limitation of this approach is that institutions that have been 
particularly effective at improving their carbon efficiency prior to 2005, for 
example through more efficient use of space, will show a lower initial 
carbon baseline in 1990, making absolute carbon reduction against 1990 
more challenging."
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As HEFCE urged caution due to the "moderate to low accuracy" of results using 
this method 1990 baselines for individual Welsh HEIs were not calculated as part 
of this study.
However, it was noted by the Higher Education Funding Council for England 
(201 Oa, p. 2) that "The sector targets for carbon emissions in scopes 1 and 2 are 
34 per cent by 2020".....(against a 1990 baseline) and "Against a 2005 baseline, 
this is equivalent to a reduction of 43 per cent by 2020." Therefore for the 
purpose of comparisons of sectoral performance against UK targets this study 
has applied a 43% reduction to the 2005 baseline.
However, despite this and as identified within the literature review, the outcome 
of encouraging HEIs to set their own individual targets was HEFCE accepting a 
collective reduction target of 38%.
6.1.5 Relative Emissions
Having identified that the quantity of CO2 emissions are affected by and related 
to a number of factors including growth and weather severity, the use of 
alternative metrics for calculating CO2 baselines and setting targets was 
considered.
The following specific (or relative) metrics were calculated for individual HEIs 
both "Welsh" and "English" baseline years by dividing CO 2 emissions data by the 
"normalising factor" for the relevant year, a median value representative of the 
Welsh HE estate was also calculated:
  kgCO2 per staff/student FTE
  kgCO2 per£1 income
  kgCO2 per m2 GIA
The results in table 6.2 below and show large variations around the average 

















































































































































































































































































































































































































































































































































As targets for both the Welsh and English sectors are absolute with no weather 
correction permitted and targets in Wales are against a 5-year average baseline 
no further consideration has been given to normalising emissions data using 
degree days within this study.
6.1.6 Quantifying CO2 Reductions
By applying the relevant percentage reduction targets to the "HEFCE" and 
"Welsh Governement/HEFCW" baseline years, the required CO2 saving to 2020 
was calculated for each scenario.
From the results it was noted that the Welsh Government's methodology resulted 
in higher baseline emissions. The cumulative effect of the higher baseline and 
lower percentage reduction target was that:
  Applying the Welsh Government's methodology identified an annual 
sectoral CO2 reduction of 30,004 tonnes
  Wheras if HEFCE's methodolgy were applied the annual sectoral CC>2 
reduction would rise to 40,355 tonnes
The calculation was also repeated to differentiate between actual emissions in 
2009 and the proposed 2020 level of emissions. When measured on this basis, 
the majority (7 from 11) of the HEIs in Wales were shown to have greater 
emissions than for the Welsh Government's baseline.
Whilst this is indicative of a rise in their overall emissions it should be noted that 
2009 was the coldest of the five years considered, with degree day values 
approximately 10% higher in 2009 than 2005 (see tables 5.4 and 5.5). This 
illustrates the risks associated with HEFCE's methodology of measuring against 
a single baseline year and highlights the benefit of the Welsh Government's 
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When total scope 1 and 2 CO2 emissions for the Welsh HE Estate were 
considered over the period considered by this study, an upward trend was noted.
The potential effect of the weather was also considered by plotting degree days 





















-Total Welsh HE 
Severn Valley 
degree days
Total Welsh HE 
Wales degree 
days
 Total Welsh HE 
Tonnes x 1000 
C02
2005-2006 2006-2007 2007-2008 2008-2009 2009-2010
Figure 6.1 Total Welsh HE CO2 emissions v. degree days derived from raw 
data from the Higher Education Statistics Agency, see appendix A and 
degree day data shown in tables 5.4 and 5.5).
Whilst this showed that degree days were generally rising between 2005 and 
2009 it was observed that the CO2 emissions profile does not track the degree 
days profiles closely, indicating that other factors may also be influencing this 
trend.
62
An increase in the size of the business would logically be a major factor and so 
was measured using commonly quoted metrics including the gross internal area 
































Table 6.5 Welsh HE sector absolute growth against 2005-2006 baseline year 
from raw data from the Higher Education Statistics Agency, see appendix A.
This information was more easily assimilated by considering the percentage 































Table 6.6 Welsh HE sector percentage growth against 2005-2006 baseline 
year from raw data from the Higher Education Statistics Agency, see 
appendix A.
From the above table it can be seen that whichever metric was considered it was 
evident that the sector has grown in size. The rate of increase in the "growth 
metrics" was in most instances greater than the increase in CO2 Emissions.
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These results show that the GIA of the Welsh HE estate had similarly expanded 
to accomodate growth in the staff/student population albeit at a slightly lower rate 
suggesting a possible improvement in space utilisation.
40
    GIA(m2)
 -Staff/Student (FTEs)
  Income (£s) 
^ C02 Emissions (kg)
2006-07 2007-08 2008-09 2009-10
Figure 6.2 Welsh HE sector percentage growth against 2005-2006 baseline 
year derived from raw data from the Higher Education Statistics Agency, 
see appendix A.
As can be seen from figure 6.2 for most years there appeared be a limited 
correlation between CO2 emissions, GIA and the staff/student population. 
However, as 2008-09 produced an outlier in CO2 emissions the underlying data 
was re-checked but no errors were found.
However, there was little correlation evident between CO2 emissions and income 
which increased more rapidly than the other data series. The additional rate of 
increase in income may be be linked to additional factors that would not be 
expected to influence energy consumption such as changes to funding 
mechanisms and inflationary pressures.
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6.3 Benchmarking
A benchmarking exercise was conducted to investigate the potential for 
improvement that exists within the Welsh HE Estate. Fossil fuel and electricity 
consumption data for 2009 for each of the Welsh HEIs was compared to 
benchmarks produced by the Chartered Institution of Building Services Engineers 
(ed.) (2008) used as the basis for Display Energy Certificate (DEC) calculations.
Category 18 "university campus" of CIBSE TM46 provides the following 
benchmarks:
  Fossil Fuels -240kW-h/m2
  Electricity - 80 kW-h/m2
However, the literary review had established that in practice the ratio of individual 
energy sources can be affected by HEI specific factors. For example using 
combined heat and power which would increase fossil fuel consumption but 
reduce the use of grid electricity or using heat pumps to provide space heating 
which would have the opposite effect. Therefore a "total energy" benchmark of 
320 kW-h/m2 was used as the basis form which to assess the energy intensity of 
individual HEIs.
As there is a marked difference in CO2 emissions arising from the energy 
sources within each of these categories and as targets refer to CO2 reductions, 
benchmarking was also carried out against Illustrative CC>2 benchmarks to gain a 
more useful insight into the CO2 intensity across the Welsh HE estate.
Within CIBSE TM46 "Illustrative CC>2 benchmarks" are quoted alongside "energy 
benchmarks" from which they have been derived. However, for consistency the 
Illustrative CO2 benchmarks have been re-calculated applying CO2 conversion 
factors consistently used throughout this study, i.e. 0.18523 kgCO2/kW-h for 
natural gas and 0.53909 kgCO2/kW-h for electricity. Similarly to the approach 
















Figure 6.3 Energy consumption benchmarking of Welsh HEIs for 2009-2010 
against CIBSE TM46:2008 derived from raw data from the Higher Education 







































Figure 6.4 CO2 emissions benchmarking of Welsh HEIs for 2009-2010 
against CIBSE TM46:2008 derived benchmarks, from table 6.7, from raw 
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As expected, the results shown in table 6.9 indicated the same percentage 
differences for each HEI against benchmarks for individual energy sources 
whether measured on an energy or CO2 emissions basis.
However, when considered against combined or total benchmarks results 
differed with the Welsh HE estate 15% below the total energy benchmark but a 
less favourable 1% above the total CO2 emissions benchmark was considered 
This was attributed to the fact that the Welsh HE Estate compared less 
favourably against the more CO2 intensive electricity benchmark.
Peer group benchmarking (excluding Glyndwr University as data was estimated) 
was also completed using the other relative emissions metrics identified in 6.2 of 
this chapter, i.e. Staff/student FTEs and income (£) for the latest year covered by 
this study.
Figure 6.5 Welsh HEIs CO2 emissions per Staff/Student FTE for 2009- 










Figure 6.6 Welsh HEIs CO2 emissions per £1 income for 2009-2010, 
derived from raw data from the Higher Education Statistics Agency, see 
appendix A.
The Welsh HE Estate as a whole benchmarked (refer to tables 6.8 and 6.9) at or 
slightly below "typical" which demonstrated that there was some potential for 
improvement. The results also highlighted that Welsh HEIs compare least 
favourably with the electricity benchmark and as this is the also the most CO2 
intensive energy source this should be an area for improvement.
Also noted was that the results showed a significant difference between the best 
and worst performing HEIs with individual rankings varying depending on the 
metric used. It is believed that this is indicative of institutional differences.
6.4 Identifying a Single Case Study
The main objective of conducting a single case study was to identify good 
practice which in this context meant succesfully reducing CO2
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emissions.Therefore in the first instance the percentage change in scope 1 and 2 
emissions was plotted over the period 2005-2006 to 2009-2010. This revealed 
that emissions for the Welsh HE estate as a whole had increased with only 5 of 
the 11 HEIs managing to reduce emissions with the greatest improvement shown 
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Figure 6.7 Welsh HE sector percentage change in CO2 Emissions 2009-2010 
against 2005-2006 baseline, derived from raw data from the Higher 
Education Statistics Agency, see appendix A.
The results of the previous benchmarking exercise were used to further inform 
the selection and again Cardiff Metropolitan performed well, consistently ranking 
third (equal third for kW-h/GIA) whichever metric was used.
An equally important consideration in the selection of a case study is access to 
research material and as the subject of several Carbon Trust Case Studies, 
Cardiff Metropolitan's strategies had been well documented and were backed up
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with good historical energy consumption data including work to differentiate 
between the cost effectiveness of interventions which would allow theoretical 
projections for the sector to be cross-checked with recent real data.
In addition the approach at this HEI which involved using automatic monitoring 
and targeting to affect behavioural change was non-standard and also offered 
potential for replication across the sector. This is also of particular interest 
because it was noted by SQWenergy, SQWconsulting (2009, p.35) that "Whilst 
technical solutions are currently being widely adopted across the sector, there 
are few sector-wide projects looking specifically at behavioural change...".,
As the author is also the Energy Manager at this HEI, there were additional 
benefits to be gained from an in depth and detailed local knowledge. However, it 
was noted that this would also necessitate self-vigilance to maintain objectivity.
6.5 Evaluating the Cost Effectiveness of Interventions
Reporting their research SQWenergy, SQWconsulting (2009, p. 17) noted that:
Whilst Institutions have carried out an options appraisal, there are no 
sources that look at an HE sector level range of carbon-saving options. 
Such an exercise is possible but would require additional research, which 
is outside of the scope of this study. The challenge also relates to the fact 
that both technical and non-technical interventions exist, of which the latter 
are particularly difficult to quantify with confidence due to their less 
tangible nature (e.g. behavioural change).
SQWenergy, SQWconsulting (2009, p. 33) emphasised that "...no single solution 
is available to deliver the targets and a holistic aproach should be adopted".
The Higher Education Funding Council for England (2010a, p.15) identified the 
"six most viable interventions in terms of scale of impact and cost-effectiveness 
for the sector to be:
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  Lights and electric appliances (including information and communication 
technologies (ICT))
  Building energy and space management
  Building fabric upgrade
  Efficient energy supply (combined heat and power (CHP)/tri-generation, 
district heating)
  Renewable energy
  Behavioural change and new ways of working
As highlighted within chapter 5 of this study, a table of "costs and benefits of the 
six most viable interventions to reduce CC>2 emissions in HE" was published by 
the Higher Education Funding Council for England (201 Oa, p.16), the figures 
within this table were extracted from marginal abatement cost curves produced 
by the Committee on Climate Change (2008) and assigned to the above 
categories.
The data contained within HEFCE's original table was adjusted using total scope 
1 and 2 emissions for England and Wales in 2005 as the basis for a pro-rata 
adjustment to account for the lower emissions levels within Wales.
Scope 1 and 2 emissions for 2005 were taken as 2.046 MtCO2 and 0.106MtCO2 
respectively given a ratio of 19.3 or 20 as an approximation for the pro-rata 












































































































































































































































































































































































































































































































































































































































































































































































































































































The net benefits and estimated abatement potential was then extracted and 
expressed as a percentage of total Welsh HE sector scope 1 and 2 emissions 
which were taken as being the "Welsh Government baseline" of 111,127 tonnes.
The following results were obtained which indicated that CO2 reductions of up to 
98.3% may be possible with annual financial savings exceeding £14M. The 
findings of the single case study, detailed within chapter 7, were then used to 
verify the magnitude of the projected savings and the results are discussed 
further in Chapter 8.
Behavioural change and 
new ways of working
Lights and electric 
appliances (including ICT)
Building energy and space 
management
Building fabric upgrade















0.01 5 to 0.03
0.0925 to 0.1 24


















Table 6.11 Benefits of the six most viable interventions to reduce CO2 
emissions in the Welsh HE sector, from Higher Education Funding Council 
for England (201 Oa, p. 16).
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6.6 Estimation of Required Investment
SQWenergy, SQWconsulting (2009, p. 16) in their report to HEFCE noted that "It 
is important to establish what carbon savings are possible in practice in the HE 
sector and what their cumulative impact could be vis-a-vis the carbon baseline..." 
and that "...in theory, all (100%) of the carbon emissions can be saved - this is 
ultimately a question of cost."
The abatement measures highlighted by HEFCE as the six most cost effective 
were shown in the previous section to have the potential to collectively exceed 
Welsh Government targets to 2020 by a factor of 3, indicating that it would not be 
necessary to implement all of these measures. Therefore, it was decided to focus 
on the costs and benefits of the three most cost-effective measures.
Behavioural change and 
new ways of working
Lights and electric 
appliances (including 
ICT)















0.01 5 to 0.25
1.5 to 2.5
1.515 to 2.75 +





10.15 to 13.5 +
Table 6.12 Costs and benefits of the six most viable interventions in the 
Welsh HE sector to reduce CO2 emissions, from Higher Education Funding 
Council for England (2010a, p. 16).
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It was evident that investment levels were covered by a broad range at best or as 
in the case of behaviour change were poorly defined as "minimal." The intention 
of this study was to verify the validity of this data and/or provide a more accurate 
assessment of investment levels based on recent and real work through the case 
study.
The results of this work are discussed and evaluated within chapter 8.
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7.0 Case Study
Cardiff Metropolitan University (2012a) formerly the University of Wales Institute, 
Cardiff describes itself as providing "education and training opportunities that are 
accessible, flexible and of the highest quality". Based on data from within the 
Estates Management Statistics (EMS) it is responsible for 10,000 students within 
five academic Schools and has a 91,982 m2 estate arranged over four sites in and 
around Cardiff.
As detailed within chapter 6, CMU was identified as a single exceptional case 
study primarily on the basis of percentage reduction in scope 1 and 2 emissions 
measured between 2005 and 2009. However, the Institution was further 
distinguished when measured against peers and national standard benchmarks, 
consistently ranking in the top 3 of the 11 Welsh HEIs whichever metric was 
selected as shown in chapter 6.
Based on Welsh Government carbon baselines calculated within chapter 6, CMU's 
6,956 tonnes of scope 1 and 2 emissions account for approximately 6.25% or 
1/16th of the Welsh HE sector total of 111,127 tonnes.
7.1 Evaluation of Interventions
In chapter 6, the three most cost effective abatement measures for the HE sector 
were ranked (see table 6.12) and shown to be:
  Behavioural change and new ways of working
  Lights and electric appliances (including ICT)
  Building energy and space management
CMU was shown to have been active in each of these areas and the data 
gathered from the Case Study was used to validate HEFCE's calculations and 
Carbon Trust Guidance for abatement measures in each of these categories.
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Energy consumption data was reviewed to quantify reductions in both 
percentage and absolute terms.
7.2 Lights and Electric Appliances (including ICT)
This is a category of abatement measures that the Carbon Trust refer to as 
"Invest to Save" or energy efficiency technical projects which they define as 
including initiatives such as insulation, lighting controls, heat recovery, CHP, fuel 
policy, plant replacement and new technology. It was decided to consider 
examples within this category in the first instance as the evaluation of other 
abatement measures was dependent on the outcome.
Prior to 2006, CMU had been reliant on technical projects to improve energy 
efficiency, albeit the primary driver was often the need to replace ageing 
infrastructure. However, during 2005-2009 it was noted that only two significant 
energy efficiency technical projects were implemented, this was as a result of the 
level of resources devoted to the installation and commissioning of the aM & T 
system and the introduction of a structured behavioural change programme.
The two projects implemented were:
  The installation of a new lighting management system (LMS) within the 
National Indoor Athletic Centre (NIAC).
  The installation of a new lighting control system at the Cyncoed campus 
Tennis Centre.
7.2.1 Overview of Lighting Management System at the National 
Indoor Athletics Centre (NIAC)
Cardiff Metropolitan University (2012b) describe the National Indoor Athletics 
Centre (NIAC) at CMU's Cyncoed campus "as the first purpose built indoor 
athletics track anywhere in the UK... The facility is fully equipped to international 
standard and has a seating capacity for 690 spectators."
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NIAC is utilised by the School of Sport and is also accessible to the general 
public and can accommodate other sports including badminton, netball and 
basketball. The building also accommodates a range of office, changing, training, 
treatment and sports science facilities.
Lighting within the main arena is a mixture of fluoresecent and metal halide 
fittings.
This project related to replacement of the existing "Phillips Lightmaster" LMS with 
a system based upon CMU's Satchwell TAG Micronet Building Energy 
Management System (BEMS), enabling CMU's Sports Facilities staff to operate 
the lighting system within the sports arena from an office PC serving as the "front 
end" in a more user-friendly manner at a cost of £42.9k.
As the new system is supported by a more cost-effective local contractor rather 
than a lighting manufacturer's specialist engineer, CMU found it affordable to 
continue to refine the software to satisfy user requirements and further improve 
energy efficiency. A low level of background lighting is automatically switched on 
and off to coincide with normal hours of operation and Sports Facilities staff 
select additional lighting as required using the LMS. Each selection is linked to 
an activity or area of the arena and programmed to automatically switch off after 
a pre-determined period.
7.2.2 Overview of Tennis Centre Lighting System
The tennis centre at CMU's Cyncoed campus houses 4 indoor courts and also 
provides toilets, changing rooms, office and reception area. The facility is used 
extensively by the School of Sport but is also acessible to the general public on a 
bookable basis.
The tennis court hall lighting system comprises of 2 rows of T8 fluorescent fittings 
over the length of each court, originally controlled from the reception desk and it 
had been noted that lights had often been left on when the courts were not in
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use. In addition, courts were overlit as the lighting level had originally been 
designed to meet competition standards and was far higher than required for 
general recreational use. The new lighting control system was therefore designed 
to provide a lower level of lighting sufficient for recreational purposes as standard 
automatically activated by microwave occupancy detectors. The higher 
"competition" lighting level is achieved by the manual operation of a run-back 
timer located on individual courts.
Lighting in other areas were operated by localised manual switches leading to 
similar problems with lights being left on. This was addressed in some of these 
areas by the installation of passive infra-red (PIR) occupancy sensors in 
changing rooms and toilets.
7.2.3 Summary of Results for Lighting Projects









































Table 7.1 Summary of annual energy consumption and CO2 emissions 




1. Energy consumption data from EMS for 2007 and 2008.
2. Energy consumption data from aM & T system June 2007 to May 2008 and 
June 2008 to May 2009.




































Table 7.2 Financial analysis for selected energy efficiency technical 
projects at Cardiff Metropolitan University
NOTES:
1. Electricity costs based on average of 11.4p/kW-h.
2. Project costs from CMU financial records.
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7.3 Behavioural Change and New Ways of Working
This is an area also referred to by the Carbon Trust as "Good Housekeeping" 
which Evans (2012) explain they define as including activities such as monitoring 
and targeting, awareness raising, training, regular inspection and audit and DEC 
compliance.
CMU has been working to affect behaviour change through a range of initiatives 
during the period covered by the study but most notably through the introduction 
of a monitoring and targeting methodology.
This began when a partnering agreement was formed with a local energy 
management company Remote Utility Monitoring and Management (RUMM) Ltd. 
and a pilot scale aM & T installation completed in 2006 on behalf of HEFCW 
which later became the subject of a Carbon Trust Exemplar Visit.
Following the success of the pilot project, HEFCW were able to secure £3.5M of 
ring-fenced funding from the Welsh Government to roll out full scale systems 
across the HE sector.
This further funding allowed CMU to build on their system to permit the collection 
of data from more than 200 utility meters at half-hourly intervals providing 
coverage at building level for gas, water and electricity.
The data collected is transferred via CMU's data network, an on-site server and 
external web links to RUMM's web visualisation server to facilitate the user- 
friendly display of half-hourly data. The capital cost of this installation was 
approximately £290k with a further £79k spent each year on maintenance, 
consultancy and bureau services.
The availability of half-hourly data provided CMU with the ability to pro-actively 
manage energy use. In addition, when reliable historical consumption profiles 
were established the aM & T system was also configured to raise "out of range"
alarms to monitor usage and provide early warning of waste. The recording of
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accurate energy consumption data at building level also facilitates the creation of 
meaningful DECs based on actual energy use.
As an outcome of participating in the Carbon Trust's Higher Education 
Programme and to maximise the return on the investment in the aM & T system, 
Cardiff Metropolitan University (2012b) implemented a 5-year Strategy and 
Implementation Plan.The SIP details a "textbook" M & T approach whereby utility 
reduction targets of 3% per annum are delegated to key managers throughout 
the HEl.The approach is designed to promote behaviour change through existing 
line management structures thereby reinforcing ownership.
Each Manager receives a monthly report or scorecard detailing performance 
against targets within their areas of responsibility. Regular meetings are 
facilitated by RUMM to support managers in identifying and progressing actions 
to improve performance.
More conventional awareness raising activities are also carried out within the 
broader context of sustainability including themed days and "Go Green" weeks. 
An example being sustainability awareness training was delivered to more than 
160 staff in 2006 and is now incorporated into staff inductions sessions for all 
new starters.
Regular auditing of buildings is carried out through a variety of methods, 
including DEC Advisory Reports, EPBD Air Conditioniong Inspections, Carbon 
Trust Opportunities Assessments and "out of hours" Site Audits, the latter often 
presented as a short video clip for maximum impact.
To quantify the effectiveness of CMU's approach to affecting behaviour change it 
was decided to identify the reductions achieved from other abatement measures, 
i.e. energy efficiency technical projects and subtract them from the total 
reductions in scope 1 and 2 CO2 emissions.
Whilst the limitations of this approach were recognised, as changes could be
attributed to many other factors such as variations in the weather, GIA of the
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Estate, staff and student numbers, etc. However, earlier analysis had shown that 
all of these factors were greater in 2009 than 2005. It was decided that results 
were more likely to be understated than overstated and that the assessment was 
likely to be a conservative one.
During the period 2005-2009 it was determined that as CMU's resources were 
mainly directed at the installation, commissioning and operation of their aM & T 
system, only two energy efficiency projects were implemented. These projects 
were evaluated in the previous section and the savings identified have been used 










































Table 7.3 Summary of energy consumption data and CO2 emissions 
(excluding own vehicles) for Cardiff Metropolitan University for 2005-2006 
and 2009-2010, from raw data from the Higher Education Statistics Agency, 
see appendix A.
These results demonstrated an 11% reduction in CO2 emissions (excluding own 
vehicles) against a 2005 baseline. It was also noted that CMU apply this 
methodology to water consumption with similar effect. Whilst scope 3 emissions
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are outside of the scope of this study this does leave the Institution well placed to 
meet any future requirements and has improved the return on investment.
Chris Cowburn, Estates Consultant at the Higher education Funding Council 
Wales observed of Cardiff Metropolitan University (2012c) that:
Behavioural change is a key element of energy efficiency that is often 
dismissed as being too difficult to embed on a long term basis. Cardiff 
Metropolitan University have shown that combining the metering and 
targeting technology funded by the Welsh Government with a concerted 
and determined effort to change behaviour can deliver significant savings 
with a very limited capital outlay.
7.4 Building Energy and Space Management
This is an area that is also described by the Carbon Trust as "Design and Asset 
Management" which Evans (2012) explained they define as including low CO2 
new build and property rationalisation.
A good example of this was found at CMU in the case of the re-provision of the 
Cardiff School of Management. This involved the construction of a new 7995m 2 
building at CMU's Llandaff campus allowing the existing 1960's built campus at 
Colchester Avenue to be sold. The capital cost of relocating the CSM to Llandaff 
after accounting for the resale value of Colchester Avenue was approximately 
£11M.
The building known as the Ogmore building (or O block) was opened in 
September 2010. Whilst this is outside of the defined timeframe of this study it 
was included as an exception, as it provided a valuable opportunity to evaluate 
this category of abatement measure at CMU. In addition as the analysis is based 
on a period beyond that covered by the main study it was regarded as a distinct 
case not likely to affect the integrity of the other results.
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The Ogmore Building houses approximately 145 CSM staff and 3000 students 
over four floors. The building provides a range of office, teaching, catering and 
hospitality space arranged around a central atrium which runs the length of the 
building.
Heating is provided by air-source heat pumps supplemented by natural gas-fired 
boilers serving radiators, fan coils, air-handling units and underfloor heating 
circuits. The air-source heat pumps also provide mechanical cooling to a large 
part of the building via air handling units (AHUs), fan coils, underfloor cooling 
circuits and a variable air volume (VAV) air-conditioning system serving office 
accommodation over two floors.
The ventilation strategy within the building is described as mixed-mode and 
therefore incorporates natural and mechanical ventilation systems. Natural 
ventilation is by a mixture of manually operable windows, passive stacks and 
electrically actuated windows and louvred wall panels. Mechanical ventilation is 
provided from a number of air handling units serving both localised and 
centralised distribution systems.
The lighting system relies predominantly on T5 fluorescent fittings controlled by 
occupancy detection using microwave sensors and photoelectric dimming in 
areas which benefit from natural light.
In contrast, the older CSM building at Colchester Avenue was heated by a 
convential low temperature hot water heating system served by natural gas-fired 
boilers. With the exception of a large lecture theatre and ICT suites which were 
mechanically ventilated and cooled the building was naturally ventilated by 
openable windows.
For the purpose of analysing this building, energy consumption data from the 
technical tables of the relevant DECs as indicated below were used to 
differentiate between the two buildings.
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Colchester Avenue: Certificate Reference Number 9577-1079-0308-0700-4991 
with an issue date of 14 January 2010, (see appendix F).
Ogmore building: Certificate Reference Number 0281-0012-9469-3899-1002 with 
an issue date of 24 January 2011, (see appendix F).
It should be noted that DECs collate energy consumption data for a 12-month 
period ending several weeks or more prior to the issue date. The energy 
consumption figures shown below are the absolute values used to compile the 
























Table 7.4 Summary of energy data from display energy certificates for 
Cardiff School of Management's old and new buildings, see appendix F.
The results indicated a slightly poorer DEC rating for the the newer building 
despite a significant reduction in overall energy consumption.
This was explained from examining the benchmark values which showed that 
despite a 60% decrease in the "heating energy" (fossil fuels) benchmark there 
was a 43% increase in the "electrical" benchmark. This shift in the ratio of the 
energy sources was largely attributed to the use of air-source heat pumps for 
space heating. The much higher CO2 emissions factor for electricity combined 
with the smaller floor area of the newer building were factors that influenced the 
poorer DEC rating which is a weather-corrected and occupancy adjusted
expression of the CO2 emissions per m2 GIA.
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However, when absolute energy consumption data shown in table 7.5 was 
converted to CO2 emissions using the factors consistently used throughout this 



























Table 7.5 Summary of energy consumption data and CO2 emissions for 
Cardiff School of Management's old and new buildings, from display 
energy certificates, see appendix F.
These results clearly indicated that despite having obtained a slightly worse DEC 
rating the new building's CO2 emissions were 37.9% lower than the building it 
replaced. It was also observed that the re-provision of the CSM has reduced 
CMU's overall CO2 emissions by 311.2 tonnes per annum.
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7.5 Summary of Case Study Results
Abatement Measure
Lights & Electric Appliances (including ICT)
Behaviour Change & New Ways of working
Building Energy & Space Management











Table 7.6 Summary of case study results percentage and absolute CO2 
emissions reductions.
These results were used to critically evaluate HEFCE's assessment of the 
abatement potential within the sector and their estimate of the level of required 
investment which is examined further within chapter 8.
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8.0 Results and Discussion
The results from the Sector Analysis and Case Study were jointly evaluated to 
inform the aims of the study as outlined in Chapter 2.
8.1 Targets and Baseline Emissions
As highlighted within the Literature Review, both HEFCW and HEFCE were 
seeking to align themselves with the strategies of their respective Governments 
when setting targets. However, it was noted that as the collective result of 
encouraging individual HEIs to set their own targets, HEFCE ultimately accepted 
a slightly less ambitious target than they had determined was required under UK 
obligations.
Performance against reduction targets in both England and Wales are similarly 
measured in absolute terms, without any normalisation for factors such as the 
weather or growth. However, the two countries are distinguished by the 
magnitude of their targets and the differing approaches taken to calculate 
baselines.
To differentiate between the requirements placed on Welsh and English HEIs, 
scope 1 and 2 emissions baselines and absolute reduction targets were 
calculated within chapter 6 using both HEFCW and HEFCE methodologies.


















Table 8.1 Summary of Welsh HE sector baseline emissions, percentage and 
absolute CO2 emissions reductions targets based on HEFCW and HEFCE 
methodologies, from table 6.3.
The analysis detailed within chapter 6 quantified the combined effect of differing 
targets and methods of calculating baselines. This showed absolute emission 
reductions to be 25.7% lower overall applying HEFCW's methodology. Indicating 
that the Welsh Government's aspirations to reduce scope 1 and 2 emissions 
within the HE sector are demonstrably less ambitious than those pursued in 
England.
Whilst the effect of a lower percentage reduction target in Wales was 
straightforward, the effect of the differing methodologies for calculating baselines 
was less transparent.
It had been established in chapter 6 that emissions had risen within the 5-year 
period analysed and by 2009, scope 1 and 2 emissions were at a level greater 
than either baseline. To consider how this would affect absolute COa reduction 
requirements, a 27% reduction target was applied to both HEFCW and HEFCE 
baselines and a 2020 "target emissions" figure calculated.
































Table 8.2 Summary of baseline emissions and absolute CO2 emissions 
reductions for a 27% reduction target measured against HEFCW and 
HEFCE baselines, from table 6.4.
As expected, HEFCW's baseline resulted in a greater absolute CO2 reduction 
requirement of 30,004 tonnes as opposed to 28,673 tonnes measured against 
HEFCE's baseline.
However, when 2020 "target emissions" were evaluated against 2009 emissions, 
the opposite effect was observed. HEFCW's baseline was less challenging with a 
CO2 reduction requirement of 35,276 tonnes as opposed to 38,874 tonnes 
measured against HEFCE's baseline.
Therefore HEFCW's 5-year average baseline is less challenging in practice than 
the HEFCE's single year baseline.
HEFCW's approach to establishing a baseline was also noted to have the 
potential for penalising "early adopters" for whom any reductions in emissions 
achieved since 2005 would result in a reduction to their baseline.
More positively, HEFCW's approach initially appeared to provide a better 
representation of average weather conditions. A potential benefit as emission 
reductions are measured in absolute terms. However, when degree day data for 
baseline years was evaluated against the 20-year average the advantage was 





























Table 8.3 Summary of degree day data for regions in which Welsh HEIs are 
located from tables 5.4 and 5.5.
In the "Wales" region degree days for the HEFCE single baseline year were 
closer to the 20-year average whilst in the "Severn Valley" region the opposite 
trend was observed.
8.2 Benchmarking
In chapter 6, individual HEIs were benchmarked against their peers using a 
number of specific emissions factors as the basis for identifying the subject of the 
case study.
In addition and as the basis for quantifying potential improvement within the 
Welsh HE Estate, HEIs were also benchmarked individually and collectively 


































Table 8.4 Welsh HE estate benchmarked against CIBSE TM46 (2008) 
derived benchmarks, from table 6.7.
The analysis detailed within chapter 6 showed that the Welsh HE Estate was 
15% below a total energy benchmark but slightly above a total CO2 emissions 
benchmark.
However, this masked the particularly poor performance for electricity which was 
34.1% higher than the typical benchmark. In contrast emissions arising from the 
use of fossil fuels are 31.7% lower than the benchmark.
Therefore the benchmarking exercise determined that there is potential for 
improvement within the Welsh HE Estate particularly with regard to electricity 
consumption.
If electricity use was reduced to the typical benchmark, and even if fossil fuel use 
remained unchanged total emissions would reduce from 88.1 kgCCVm2 to 73.4 
kgCO2/m2 , which represents a reduction of 16.7%.
97
This represents more than half the emissions reduction required by 2020 and as 
the benchmark value is typical of the current building stock within Higher 
Education, this should be considered a realistic aspiration.
8.3 Evaluation of Abatement Potential
This study has considered an assessment by HEFCE of the abatement potential 
within the English HE sector and in chapter 6 this was adjusted on a pro-rata 
basis to derive a similar assessment of potential within the Welsh HE sector. The 
validity of this approach was examined by referencing the results of the single 
case study.
HEFCE's assessment of the abatement potential was first considered in terms of 
a percentage reduction to facilitate evaluation against Case Study results and 
similar guidance from the Carbon Trust. As can be seen in table 8.5 below, the 
Case Study results matched HEFCE's assessment very closely with the 
exception of the Building Energy and Space Management category where the 
difference was more marked.
The author believed this difference demonstrated that the Ogmore building was 
not the best example of low CO2 new build, as evidenced by a DEC rating of C 
(72). It was noted that a slightly more energy efficient building would have 


























































































































































































































































































































































































































































The results from the Case Study across all categories were taken as a practical 
endorsement of the accuracy of HEFCE's assessment of the abatement 
potential.
Again with the exception of the Building Energy and Space Management/Design 
and Asset Management category, HEFCE's assessment closely matched Carbon 
Trust guidance.This mismatch was believed most likely to be due to differences 
in defining the category.
It should also be noted that HEFCE's assessment of sector abatement potential 
appears to have been based on an assumption that these percentage reductions 
could be applied across the whole of the HE estate. With the exception of 
behaviour change as demonstrated by the CMU Case Study, it became evident 
that this would not be possible and this study is an attempt to generate a more 
realistic assessment of abatement potential.
8.3.1 Behavioural Change and New Ways of Working
As can be seen from table 8.5 there was a close correlation between the various 
assessments of the potential within this category with a 11% reduction in utility 
consumption within buildings at CMU with a resultant saving of 832.5 tonnes of 
CO2 per annum.
As previously established, CMU accounts for 1/16th of Welsh HE sector 
emissions therefore Case Study results were adjusted to create an assessment 
of 13,320 tonnes or 44.4% of the sectoral reduction requirement.
8.3.2 Lights and Electric Appliances (including ICT)
This is an important area as electricity consumption within the Welsh HE Estate 
scored poorly in the benchmarking exercise and has been identified as the most 
CO2 intensive energy source.
The study's assessment was observed as being similar to HEFCE's albeit 
providing a narrower range. Importantly, as this range was banded by
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extremities, it was noted that the true potential would be contained within these 
values. The mid-value was noted to be 5,860.9 tonnes which equated to 19.5% 
of the sectoral reduction requirement and may form a more realistic assessment 
for strategic planning purposes.
Whilst only two "Invest to Save" projects were considered in the Case Study 
there was again a close correlation with the various assessments of the potential 
within this category with a range of 9.1-17.3% achieved by these projects with a 
resultant saving of 39.6 tonnes of CO2 . When results were extrapolated, a 
potential saving of 635.2 tonnes p.a. was identified across the Welsh HE sector. 
However, this assessment is based on an unrealistically low level of activity i.e. 
32 projects across the eleven HEIs forming Welsh HE sector by 2020 so perhaps 
should be viewed as the minimum level.
When the upper percentage saving of 17.3 % was applied to HEFCW's baseline 
for emissions arising from electricity of 71,430 tonnes (derived from appendix G, 
from average of emissions arising from electricity for each of the five years) to 
derive anabatement potential of 12,357 tonnes. This was believed to be potentially 
unrealistic, as it relied on projects being successfully applied to the whole of the 
sectors electricity consumption and could therefore be regarded as an absolute 
maximum value using current available technologies.
8.3.3 Building Energy And Space Management
This category was less clearly defined but was noted as including property 
rationalisation and low CO2 new build which aligned well with the Case Study 
example. It should be noted that to maximise the benefit from the construction of 
additional new buildings the opportunity to improve space efficiency and conduct 
property rationalisation needs to be taken.
The re-provision of the Cardiff School of Management was shown to have reduced 
CMU's scope 1 and 2 emissions by 311.2 tonnes which when adjusted for the 
sector in Wales, indicated an abatement potential of 4979.2 tonnes. For this to be 
a true representation, the implementation of a further 15 projects to reprovide
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192,000m2 (13.1%) of the current 1,463,378 m2 Welsh HE Estate by 2020 would 
be necessary.
However, energy and space efficient refurbishment coupled with rationalisation 
and the disposal of some buildings could also contribute to making this achievable. 
The Higher Education Funding Council for England (201 Oa, p. 20) note that:
Good space management not only reduces carbon emissions, it also frees 
up resources that can be used for teaching and research. The Estate 
Management Statistics provide benchmarks that institutions can use - in 
2006-07 the median institution had 7.6 m2 of non-residential space per full- 
time student ('Performance in higher education estates: EMS annual report 
2008' (HEFCE 2009/28), a level that has declined steadily from 8.9 m2 in 
2001-02. There are reasons for the considerable variation that exists in the 
sector, notably building age and the needs of particular subjects. It is clear 
however that there is potential for space to be used more efficiently.
HEFCE's assessment of 50,000 tonnes would appear to have been derived by 
applying the percentage reduction to the baseline emissions and whilst this may 
indicate the theoretical maximum long-term abatement potential this is not 
believed to be possible by 2020.
The 4979.2 tonnes or 16.6% of the sectoral reduction requirement identified by 
this study is believed to provide a more reliable aid to strategic planning.
8.3.4 Building Fabric Upgrade
The CMU Case Study was unable to provide suitable material to evaluate 
HEFCE's assessment but based on the evaluation of the other categories, it 
seemed likely that their assessment of 14,000 tonnes related to the theoretical 
maximum.
Whilst the Building Regulations include a requirement to upgrade "thermal 
elements" when completing certain refurbishment works, it was believed that the
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theoretical maximum long-term abatement potential identifed by HEFCE is 
unlikely to be realised by 2020.
8.3.5 Energy Efficient Supply
The CMU Case Study was also unable to provide suitable material to evaluate 
HEFCE's assessment of this category as the requirements for the installation of 
CHP and tri-generation are site specific. However, it was noted that based on 
HEFCE's assessment this study placed the abatement potential in Wales at 
2,500 tonnes.
8.4 Assessment of Costs
The implementation costs of realising the abatement potential identified by this 
study have been derived from the Case Study and are believed to constitute a 
sufficiently reliable estimation to inform strategic planning.
8.4.1 Behavioural Change and New Ways of Working
The operating cost of operating CMU's aM & T based behaviour change 
programme is £79k per annum which when increased on a pro-rata basis to 
cover the whole of the Welsh HE estate became E1.26M or a total of E11.38M 
over the 9 years to 2020. However, it should also be noted that CMU are now 
working on maintaining reductions in a more cost effective manner than was 
shown in the Case Study.
The capital cost of the necessary metering and aM & T equipment has already 
been provided to the whole of the Welsh HE sector as previously highlighted in 
the form of E3.5M of ringfenced funding from HEFCW.
8.4.2 Lights and Electric Appliances (including ICT)
Case study results from two projects showed an average saving of 39.6 tonnes for 
an investment of £47.1 k.
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This could be otherwise expressed as a £1.19k investment per tonne of CO2 
saved which was used as the basis for a high level estimate of the investment 
needed to achieve the identified abatement potential.
Based on the identified range of 635 to 12,357 tonnes this approach identified the 
required investment to be approximately E0.75M to E14.7M.
8.4.3 Building Energy And Space Management
Case study results for the re-provision of Cardiff School of Management showed a 
saving of 311.1 tonnes for an investment of £11m after disposal costs. As 
previously stated CMU represents 1/16th of the Welsh HE estate therefore applying 
a simple pro-rata adjustment based on the assumption that other projects would 
be similarly funded equated to E176M.
8.4.4 Building Fabric Upgrade
As previously stated the Case Study was unable to provide suitable material to 
evaluate either abatement potential or cost. Further information on construction 
type and the thermal properties of the Welsh HE Estate would be invaluable in 
informing any further study.
8.4.5 Energy Efficient Supply
The site specific requirements for the installation of CHP and tri-generation do 
not support a high level estimation of the required investment. Further work to 
identify potential projects and conduct case by case evaluations would be 





































































































































































































































































































































































































































































































8.5 A Cost Effective Abatement Strategy
The Carbon Reduction Strategy proposed by this study is an example of a cost 
effective approach which is also respectful to the "Carbon Hierarchy" and 
represents one possible solution for the purpose of informing strategic planning 
within the HE sector in Wales and is based on:
1. Replicating CMU's level of success in behaviour change across the whole 
of the Welsh HE sector at a cost of up to £11.4M.
2. Reproviding more than 13% of the Welsh HE Estate with buildings 
possessing greater space and energy efficiency than the existing stock at 
an estimated cost of £176M.
3. An investment of E14.7M in energy efficiency technical projects.
These costs represent the most cost effective abatement strategy requiring a 
total investment of E202M by 2020 and should therefore be regarded as the 
minimum cost of meeting Welsh Government targets.
However, these costs should not be considered in isolation as much of this 
expenditure may already be planned within the Estates Strategies of the various 
HEIs and the potential benefits of rationalisation extend beyond CC>2 emissions 
reductions.
The costs of implementing behaviour change programmes and energy efficiency 
technical projects may be possible to fund through various mechanisms including 
loans from savings in energy costs.
Fig. 8.1 below shows that the measures identified by this study can theoretically 
deliver 30,656 tonnes of savings which are sufficient to meet Welsh Government 
targets against their specified baseline. However, when recent growth in the
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sector was considered these measures fell short of the 35,276 tonnes of 
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Figure 8.1 An illustration of the potential of a cost effective abatement 
strategy to enable the Welsh HE sector to meet CO2 emissions reduction 
targets.
This study also highlighted that the total 12,357 tonnes of reductions identified 
from lights and electric appliances (including ICT) may be difficult to achieve by 
2020 due to the large number of projects required. Although this could be 
mitigated through implementing other cost effective measures such as fabric 
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Figure 8.2 An Illustration of the percentage reductions and costs of 
individual abatement measures within a cost effective abatement strategy 
for the Welsh HE sector.
Emissions reductions and implementation costs of the various abatement 
measures were measured as a percentage of the overall strategy to provide an 
indication of their relative importance.
This showed that behaviour change and energy efficiency technical projects 
addressing lights and electric appliances (including ICT) were able to deliver 
83.8% of the total reductions identified under this Strategy. Therefore it would 
seem unlikely that the Welsh HE Sector would be able to meet reduction targets 
cost effectively without fully implementing these two measures.
To more accurately differentiate between the "effectiveness" of individual 
abatement measures would require a "whole life cost analysis" and is beyond the 
scope of this study.
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9.0 Conclusion and Recommendations
This study quantified scope 1 and 2 emissions reductions to 2020 applicable to 
the Welsh HE sector. It further outlined a potential Carbon Abatement Strategy to 
determine whether these requirements can be wholly met by cost effective 
measures.
9.1 Conclusion
This study differentiated between English and Welsh HE sectors in respect to 
scope 1 and 2 emissions reduction targets and baselines and showed that those 
applicable to Welsh HEIs are less demanding than for their English counterparts. 
Research conducted by SOW Consulting on behalf of HEFCE to quantify CO2 
abatement potential was validated from the critical evaluation of a single case 
study. It was further shown that applying these predictions on a pro-rata basis to 
the Welsh HE sector was a justifiable approach.
However, growth in the sector was evident over the period of the study with an 
increase in income, size of the estate and staff and student numbers noted. 
These changes were reflected in an increase in emissions in the majority of 
Welsh HEIs above their baselines.
In chapter 6, when evaluated against CIBSE TM46 derived CO2/m2 GIA 
benchmarks, the Welsh HE Estate was seen to be marginally worse than "typical" 
overall but identified significant potential to reduce electricity use.
By focussing on abatement measures identified as most cost effective by 
HEFCE, this Study has demonstrated that it was theoretically possible for the 
Welsh HE sector to meet Welsh Government targets to reduce scope 1 and 2 
emissions by 30,004 tonnes by 2020. The Carbon Reduction Strategy proposed 
was not only cost effective but also respectful to the "Carbon Hierarchy" and can 
be summarised briefly as:
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1. Replicating CMU's level of success in behaviour change across the whole 
of the Welsh HE sector at a cost of up to £11.4M.
2. Re-providing more than 13% of the Welsh HE Estate with buildings 
possessing greater space and energy efficiency than the existing stock at 
an estimated cost of £176M.
3. An investment of E14.7M in energy efficiency technical projects subject to 
sufficient numbers of viable projects.
This approach identified an investment of £202M by 2020 which should therefore 
be regarded as the minimum cost of meeting Welsh Government targets.
However, in chapter 6 it was shown that due to recent growth in the sector this 
figure has increased the required emissions reductions to 35,276 tonnes and 
meeting targets will be more difficult in practice and additional measures may 
also be required in some HEIs.
9.2 Recommendations
1. Welsh HEIs should individually and collectively develop an awareness of 
the challenge presented by Welsh Government targets. As reductions are 
to be measured in absolute terms, the sector should select a group of 
metrics for their own use to measure energy efficiency, mindful of growth 
and the need to improve space efficiency.
2. Carbon Management Plans at Institutional level should be aligned to 
Welsh Government targets and focus primarily on cost effective 
abatement measures and be respectful to the "Carbon Hiearchy". 
Quantifying the required investment should be seen as a key function of 
the plan as should identifying funding sources appropriate to the individual 
Institution.
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3. An unexpected outcome of this study was the scale of the importance of 
behaviour change which accounted for almost half of the identified 
abatement potential to 2020. The CMU case study showed that it is 
possible to achieve and maintain behaviour change within the HE sector 
and other HEIs must adopt similar strategies if they are to meet Welsh 
Government targets. Whilst dramatic results were evident from the case 
study, it cannot be assumed that this could not be improved upon and a 
further study is warranted to determine whether unrealised potential exists.
4. Further work should be carried out to examine HEFCE's assessment of 
the abatement potential that exists from fabric upgrades, e.g. by an audit 
of the thermal properties of the existing HE Estate.
5. Similarly, further work should be carried out to examine HEFCE's 
assessment of the potential from energy efficient supply e.g. by a desktop 
audit of the Welsh HE Estate to identify appropriate sites for further 
investigation.
6. Building integrated renewable energy should be considered in conjunction 
with HEFCW and the Carbon Trust possibly using a case study approach 
to monitor and evaluate the effectiveness and reliability of existing in-situ 
installations.
7. Investigate whether opportunities exist for larger off-site renewables 
possibly through collaborative working between HEIs, energy suppliers or 
others, e.g. to install wind or tidal turbines.
Ill
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Appendix A - Summary of Data from Estates
Management Statistics.
NB: includes energy consumption data direct from Cardiff University.








Bangor University 15,447,781 28,883,921
Cardiff University 34,530,000
University of Wales Institute, Cardiff 8,497,105 16,016,116
University of Glamorgan 10,010,500
Glyndwr University
The University of Wales, Lampeler 1,924,217 8,722,148
The Univi•ersity of Wales. Newport 4,865.669
Royal Welsh College of Music and Drama 715,957 1,115,405 1,831,362
Swansea Metropolitan University 3,220.803 6,040,536 9,261,339
Swansea University 20,107,613 34.186,768 54,294,381
Trinity University College 2.035,351 8,074,785 10,110,136
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Total Welsh HE Sector 84,017| 909,106| 1,328,003
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1 August 2006 - 31 July 2007.
Energy Consumption
University of Wales Institute, Cardiff
Royal Welsh College of Music and Drama
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Total Welsh HE Sector 86,007 14,737| 995.6251 1.335,996|
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University of Glamorgan 11,975,684 14,419,362
Glyndwr University
The University of Wales, Lampeler
The University of Wales, Newport
1,906,454 8,064,439
4,717,015 9,487,756
Royal Welsh College of Music and Drama 755,312 931,393 1,686,705
Swansea Metropolitan University 3,082,099 4,525,883 7,607,982
Swansea University 18,439,815 35,211,561 643,536 54,294,912
Trinity University College 2,263,896 7,513,012
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Total Welsh HE Sector 88.6811 15,102| 1,081.167| 1.347,9921
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University of Wales Institute. Cardiff 1,115,119 13,768,481
University of Glamorgan
Glyndwr University
The University of Wales, Lampeter
12,308,220 14,973.888
1,965.234 7.861,587
The University of Wales, Newport 4,726.542 9,588,536
Royal Welsh College of Music and Drama 728.363 846,487
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1,142.204|~Total Welsh HE Sector 87,836| 15,5731 1.362.326J
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Energy consumption and costs 1 August 2009 - 31 July 2010.
Energy Consumption
Baseline Year 2009-2010
Consumption Electricity (kW-h) Gas (KW-h) Oil (kW-h) All fuels (kW-h)
19,125,918 ?,666
Bangor University 16,114,213 20.489.802 1.988,0091
Cardiff University 45.972,070 64.784,856
University of Wales Institute, Cardiff 7,868,973 13,144.104
University of Glamorgan
Glyndwr University
The University of Wales, Lampeler
The University of Wales, Newport








Trinity University College 2.295.216 7,702,341 9,997,557







University of Wales Institute, Cardiff
University of Glamorgan
Glyndwr University
The University of Wales, Lampeter
The University of Wales, Newport





























































University of Wales Institute, Cardiff
University of Glamorgan
Glyndwr University
The University of Wales, Lampeter
The University of Wales, Newport























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Appendix D -Carbon Trust (2011) Degree day Data.
[no longer available online]. Originally available at:
https://www. carbontrust. co. uk/SiteCollectionDocuments/Jan 10_Degree_Days.pdf
(Accessed 21 February 2011).










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































20 year UK averages for 2010





































































































































































































































Appendix E - Copy of original "HEEPI, Energy - best
practice", web page [no longer available 
online].
Energy - best practice
The Carbon Trust's Higher Education Carbon Management 
Programme has already helped 18 universities save £3 
million and 55,000 tonnes carbon dioxide and 16 universities 
have signed up for Phase 2 running from May 2006 to April 
2007. The programme is designed to deliver improved 
energy management of academic, accommodation and 
leisure buildings and vehicle fleets. It also provides practical 
support to HEIs by helping them identify carbon saving 
opportunities, providing software to analyse energy 
consumption and delivering workshop support for staff and 
senior managers to improve their awareness of energy 
efficiency. Any university that would like to be considered for 
phase three of the programme should email 
richard.rugg@thecarbontrust.co.uk.
The Carbon Trust's Energy Efficiency Accreditation Scheme 
provides useful guidelines on what should be done. These 
excerpts from the full checklist summarise the main features 
of a good energy management programme:
MANAGEMENT COMMITMENT TO ENERGY EFFICIENCY
There is a clearly stated energy policy, which has been 






There is a clear organisational structure, with a member of 
senior management having overall responsibility for the 
organisation's energy policy.
There are systematic procedures for monitoring and 
controlling energy consumption, with a planned approach to 
the improvement of overall energy performance.
There are quality control mechanisms, to ensure that the 
correct operating procedures of all plant and equipment 
reduce both the energy cost and environmental impact.
There are / have been awareness programmes for all staff, 
including new employees, and training programmes for 
those with energy responsibilities. Assessments for the NVQ 
in Managing Energy have been considered/carried out.
Energy efficient technology and best practices are 
incorporated into services, buildings and products, capital 
purchases and refurbishment programmes.
CO 2 emissions are calculated and publicly reported.
The Institute of Energy's Standards for Managing Energy 
been used in developing the above
INVESTMENT IN ENERGY EFFICIENCY MEASURES
There is provision in financial plans and budgets for energy 
efficiency investments, including allowance for the Climate 
Change Levy and Emissions Trading.
Capital investments have been made over the last 3 to 5 
years, either in plant or equipment specifically for energy 
measures.
Energy efficiency measures have formed part of investments
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made for other purposes.
Investment in people has been made either internal of 
external, to improve management practises, for instance 
implementing an M&T system, organizing training or 
Vocational Qualifications.
There are plans for further investment. 
ENERGY EFFICIENCY IMPROVEMENTS
The organisation has identified and actively uses an 
appropriate measure of specific energy consumption (SEC) 
e.g. GJ per m2 or unit product.
Account is taken of changes in business size or activity 
levels.
There is analysis of consumption patterns in the case of 
larger organisations or more complex processes, to provide 
adequate detail.
A number of universities and colleges have achieved 
accreditation:
• Coventry University
• Glasgow Caledonian University
• Keele University
• King's College London
• Liverpool John Moores University
. Thames Valley University
• University of Bath
. University of Dundee
• University of Edinburgh
. University of Glasgow
. University of Manchester
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• University of Sheffield
• University of Warwick
Other examples of good energy efficiency practices can be 
found at:
University of Leicester - click here 
University of Essex - click here 
University of Southampton - click here
University of Edinburgh - click here .
There is also a HEEPI case study on energy metering at 
UMIST.
About Heepi I Buildings | EMS | Energy | Procurement ] Transport i Waste I Events | News | Publications
Resources j Seminars | Contact | Home
Created by Peak Sites
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Appendix F- Display Energy Certificate Technical Tables
for Cardiff Metropolitan University, 
Colchester Avenue campus and Ogmore 
building.
DEC RRN: 95r7-1079-0309-0700-4M1 
University ol Wales Institute CanJIfl 




Annual energy use. CO2 emissions and performance Indicators
Total energy use n the year concerned
Calculated performance indicators
Reference performance benchmarks corrected
Benchmark ratios and Operational Rating [lower is better)
Operational Rating grade IA Is beat)
Displaced energy
Fossa" Fuel Energy Displaced
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1 SepanMe energy uile areas
1 Telal area lor DEC assessmenl (TAD*)
Area |m-)
12S16
(a) 'Fuel and heal includes imported combustion fuels (e.g fossil) and heating and cooling from community systems, nett ol exports
(b) Electricity includes electricity used for al purposes, including heating cooling, small power etc.. nett of exports
(c) VWiere applicable, the lolal energy use in the year concerned' includes 'fuel and heal' and 'eleclncity generaled from LZC energy sources
(d) TAOA is the area usea in the OR calculations and Ihe technical lable cafculalions .1 includes accessfcte unconditioned spaces but excludes separable 
energy use areas
(e) TUFA determines whether Ihe building exceeds the 1.000 m» Ihreshold lor a DEC being needed, and o the area shown on Ihe DEC 
If) Only separable energy uses applicable to Ihe building benchmark type may be deducted providing suitable evidence is ava»able
(g) Up to !« benchmark categories may be shown in the technical table, some sites may have more and altemalive software should be used. Building types 
classed under Ihe same benchmark category ard n0' shown
(h) Benchmarks are corrected for weather and hours of occupancy during Ihe assessmenl perod
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Notes:
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